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Part I of this Thesis consists of a brief review of the past 
work carried out by physicists, chemists and meteorologists on 
naturally occurring fogs. It includes a description of the instruments 
and techniques used in the Characterisation of fog, some of which 
have been adopted by the writer in studying artificial aqueous fogs.
In Part II, methods are described for the preparation of 
aqueous fogs and a description of the experimental conditions found 
necessary to obtain reproducible systems is included. The fogs 
studied include those prepared from distilled water- tap water and 
aqueous solutions of sulphuric acid. The properties of fogs treated 
with small amounts of surface active agents are described and the 
relative stabilities of fogs of various types are assessed from 
sedimentation and light transmission experiments, and from ‘ .
measurements of drop-”size distribution.
The results indicate the dependence of fog stability upon 
the nature and number of ions present in the fog droplets. Empirical 
equations are derived which fit the experimental results and appear 
to indicate the presence of a droplet.^to-droplet coalescence mechanism 
The rate of coalescence between fog droplets is shown to decrease with 
increasing electrolyte concentration, and values are derived which, 
give a measure of the relative extent of the .droplet“to-droplet 
coalescence. •
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G E N E R A L
I N T R O D U C T I O N
/
General Introduction 
An aerosol is the name given to a system containing small 
particles, solid or liquid, dispersed in a gaseous medium* This 
includes smoke, dust, haze, mist, cloud and fog* The term ’aerosol’ 
was coined by analogy with colloidal dispersions in a liquid medium, 
which are sometimes called sols.
The partible diameter in aerosols may range from 0,01 - 100 
microns, with smoke occupying the lower end of the spectrum and fog, 
mist and cloud at the higher end (see Fig, 1),
A  system containing a suspension of water droplets in air 
saturated with water vapour or nearly so is fog or cloud. Fog has 
been the type of aerosol studied here.
Fog like most colloidal forms of matter is essentially unstable 
and disappears usually either by evaporation or precipitation.
As the particle range in most fogs is greater than 1. 0 micron 
diameter, settling under gravity is an appreciable factor. The 
particles fall with a steady velocity proportional to the square 
of their radii.
Brownian movement, acoustical and centrifugal forces all 
of which have important destabilising effects on colloidal particles, 
play only a minor part on large systems of fog.
It was believed that all water droplets constituting a fog must 
be approximately of the same size, as the formation of a fog depends
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on the slow cooling of moist air near the earth’s surface below 
its dew point. It was soon discovered by observing coronae 
(Part.-I, Section 1(b) ) that fogs generally possessed a broad drop 
size spectrum, with a range extending from 1.0—  100 micron diameter. 
Most investigators (1), (2), (3), (4), (5), in the past report the drop 
size spread as being in the 10 - 50 micron diameter range, with a 
concentration of 1. 0 - 1000 fog particles per cubic centimetre of air. 
The liquid water content of a fog can range from 0. 01 -1.0 gm* 
per cubic metre (Parti, Section 1(c) )♦
Experiment and theory show that at temperatures near the 
dew point, condensation takes place only on particles termed 
’condensation nuclei* present in the atmosphere.
The properties of any given fog produced will depend on the 
size and number of airborne nuclei present. These condensation 
nuclei are ions and non-ionic particles made up of salt from the 
sea, of products of combustion and dusts and fumes arising from 
industrial activities, (Part I, Section 1(e) ).
It has been postulated that the marked stability of fogs 
existing over large industrial areas is due to the great excess of 
condensation nuclei present in the atmosphere. Pollution from 
industrial activities and the subsequent contamination of the 
water droplets can give very stable systems even at humidities 
below 100%.
The aim of these studies has been to investigate 
qualitatively and where possible quantitatively the factors which 
give rise to the varying degrees of stability of contaminated and 
uncontaminated fogs.
Before artificial fogs can be prepared and studied 
successfully in the laboratory it is essential to have a thorough 
understanding of the physics of natural fogs and to correlate all 
the past work carried out by physicists, chemists and meteorologists 
in this field of study. To this end, Part I deals briefly with the 
knowledge of work on natural fogs and the instruments and techniques 
used in the characterising and in the dispersal of fogs. Many of 
the methods described for determining the drop size distribution 
in fogs have been used in studying artificial fogs (Part II).
-4- •
P A R  T I. 
N A T U R A L  F O G S
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SECTION 1.
P A R T  I,
A T  U R A L  F O G S
CHARACTERISTICS O F  F O G  A N D  T H E  
M E A S U R E M E N T S  USED IN THEIR 
CHARACTERISATION
SECTION 2, T H E  DISPERSAL OF F O G
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S E C T I O N  1,
CHARACTERISTICS O F  F O G  A N D  T H E  M E A S U R E M E N T S  
USED IN THEIR CHARACTERISATION
(a) Types of Fog
(b) Drop Size Distribution in Fogs
(c) Measurements of Liquid Water Content
(d) Visibility and Number of Fog Particles
(e) Nuclei and Contaminants in Fog
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Characteristics of Fog and the Measurements 
Used in their Characterisation
(a) jTypes of Fog
Fog is defined as a low lying cloud causing an obscurity iii 
the surface layer of the atmosphere by which an object is not visible at 
a distance of 1100 yards. Fog is considered thick if an object is not 
visible at 220 yards and dense if the object is not visible at 55 yardq.
Fogs occurring in the British Isles are usually classified 
according to the way in which they are formed; the three main types 
being;-
(i) Radiation; (ii) Advection; and (iii) Frontal. (6) (?)
Radiation fog forms when moist air cools in place due to the 
cooling of the ground surface and the transfer of heat from the overlying . 
air to the ground by conduction and mixing. No motion is implied, but , 
a certain amount of mixing is necessary to produce a layer of fog of 
significant thickness. These fogs form on clear nights when the ground 
is losing heat rapidly and because of this they are often termed *ground 
fogs1. These ground fogs are the most common type encountered in 
the British Isles and may have a depth of 20 - 500 feet.
Advection fog forms when moist air passes over a cool 
surface and its temperature is reduced by conduction and mixing in the
S E C T I O N  1.! II  ....—  ...
lower layers until the dew point is reached. Unlike the formation of 
radiation fog, motion is implied in the formation of an advection fog. 
Many of the dense sea fogs that occur along the coast during, the summer 
months are good examples of advection fog.
Frontal fog1 usually occurs in advance of a ‘warm front* - 
when warm air displaces cold, the boundary between the two different 
air masses is called a warm front - when rain falling from the frontal 
surface falls through a layer of cold air near the surface. The rain 
evaporates into the cold air, saturates it, and produces fog. Frontal 
fog m a y  form relatively quickly, in one to three hours, and m a y  be 
widespread.
Below is a survey of the main methods used in 
characterising a fog; the techniques involved, and the limitations 
imposed by the various methods.
(b) Drop Size Distribution in Fogs (3) (8)
The chai*acterisation of fogs in terms of particle size is of 
fundamental importance and presents problems of wide interest and " 
complexity. This has resulted in the development of numerous 
methods of sampling and analysis, involving the principles of 
sedimentation, light scattering, electrical and thermal precipitation, 
filtration and impingement. Some of the methods used, however, are
-9- ■
limited with respect to field and laboratory problems, and others 
are inadequate in terms of sampling efficiency.
Simple, rapid methods are always essential requirements in 
this field of study, provided they are accurate and reproducible. 
Adequate characterisation of a fog often involves the collection of large 
numbers of samples to obtain statistically valid information,
(i) Corona Method
One of the earliest methods used for measuring the drop size 
in fogs involved the optical measurement of diffraction rings or coronae 
which form when a light source is observed axially through a fog-laden 
atmosphere.
The angular radii of the rings are obtained from the * 
diffraction theory for small discs or apertures (Airy, 1834), and are 
related to wavelength \  , and droplet diameter E>, by the relation
( (9) Chapter 8):-
Sin ©a = (a * X
’ D  .
Where © a is the angle from the forward direction of the dark ring, and 
faf is the number of the ring; 1st, 2nd, 3rd . , , etc. This method
has mostly been used for measuring the mean drop size of thin clouds 
and mountain fogs (10)*
- 1 0 -
homodiapersity of a fog a fog :.s regarded as being approximately 
homodisperse whenits particle size does not vary by more than 10% from 
average - although experience has shown that the uniformity need not be 
so great as in the region where the higher order TyndaT spectra are 
observed ( (9), Chapter 7). Most fogs possess a broad drop size 
spectrum (see General Introduction) and for this reason the resulting 
coronae, if discernible, will be very diffuse and difficult to measure.
The method is insensitive for drop sizes smaller than 20 microns 
diameter (11). (12). and for fogs possessing a large number of droplets 
per unit volume.
(ii) Sedimentation Method 
Kneusel (1935) ( (13), p. 53) suggested that Stokes*
equation:- • <.
■ ' 7T D 3 (dw - da)g = 37T 7j D V
where D is the diameter of vfhe droplet,. . •
dw , da the densities of the droplet and air respectively, 
g the acceleration due to gravity, v
Y the viscosity of air,
and .. V. , the velocity of fall of the droplet, 
might be applied to atmospheric fog particles under tx’anquil conditions. 
F r om numerous experiments the equation was found to be correct to 5%
T h e  a p p e a r a n c e  of well-defined c orona© d e p e n d  on the ,
This method of determining drop size is not practicable 
in natural fogs due to air turbulence, but can be used successfully on 
artificial fogs under controlled conditions (4),
(iii) Direct Photography ,
The direct photography of droplets (15) while still
suspended in the atmosphere appears to be the most direct and accurate 
approach to drop size analysis. Several cameras have been designed 
for photographing cloud droplets (16) (17) (18) (19)» but the optics 
involved remain very difficult. The droplet images obtained are often 
ill-defined, and require careful analysis. A  high magnification camera 
lens is required to photograph the droplets, which limits the field of view, 
the result being that only a few fog droplets can be successfully photo­
graphed at a given time.
(iv) P r aunhof e r Pif f r ac ti on M  e tho d
This is a method recently employed in Japan (20). A  beam 
of red light is passed through a fog and the resulting diffraction pattern 
photographed. The intensity distribution of the pattern can, by suitable ' 
computation, give the average drop size present in the fog.
(v) Sampling Methods
The direct microscopic examination of fog droplets 
deposited or collected by impact on oil, soot or magnesium oxide coated 
glass slides was used extensively by Houghton and Radford (3) in 1938
- 1 2 -
or better for droplets lying in the 2 - 50 m i c r o n  diameter range (14).
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and Brieard (3) in 1939# This is considered to be one of the most
important methods, developed for drop size determinations in the 2 - 40
micron diameter range.
The main difficulties encountered in this technique are
1, Obtaining an accurate representative sample;
. . . .  2. preventing evaporation of droplets on the slide; .
3, preventing coalescence occurring between the 
\ deposited droplets;
and 4. preventing shattering of the large droplets on
■; / • impact, . *
The fcapft3.re-in-oil* technique overcomes the.evaporation and shattering
of the droplets to some extent and provided the coverage of droplets oh the :
.slide is hot greater than 10%, coalescence can be neglected. Placing the
slides out into a fog will not give a representative sample due to the
differential settling rates of the various size droplets. For this reason
an impingement method is preferred (paragraph (vii) ).
The recommended oil for the slides is *Spirax 230* gear
oil, which has a density similar to that of water and, due to its high
refractive index, gives good contrast for photography, (19) (Part II),
Magnesium oxide coated slides are sometimes used, and
are to be preferred to oiled slides when droplets greater than 10 microns in
diameter are to be captured (19). The falling droplets cause craters, the
diameters of which are related to the droplet diameters by:-
Droplet diameter =? 0. 86 x crater diameter (19)
(vi) Staining Methods
One method involves the entrappment of a volume of fog
in a cylindrical chamber, and the application of a high electrical potential 
between the walls of the chamber and an axial wire. In the presence 
of the electric field the fog droplets migrate to the walls and stain a 
methylene blue paper. The droplet stains are examined and sized under 
the microscope and can be related to the fog droplet sizes.
(vii) Impingement Methods
An instrument working on the principles of a centrifugal 
separator and known as a ’cascade impactor* has been developed at 
Porton Experimental Station. The instrument is used for the sampling 
of aerosols in the 1, 5 - 50 micron diameter range and is described by 
May (21). Pig. 2 shows the Casella modification of the impactor (22), 
which is the instrument used in die experimental work described here.
A  measured volume of fog is drawn through four 
progressively smaller jets perpendicular to which are arranged micro­
scopic slides. The velocity, and hence the efficiency of impaction, of 
droplets or particles on the slides increases from stage to stage when the 
fog is sampled at a constant rate. A  size grading of droplets results, 
with progressively smaller droplets collected from stage to stage.
The collecting slides are coated with a thin layer of gelatine 
dyed with naphthol.green as described by Wootten (8). Water droplets 
impacting on the slides produce circular stains of diameter 2,5 times
-14- - ■ ; ■•
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that of the droplets (8), the stains being sized and counted under a 
microscope by a method similar to that adopted by May (21),
Oiled slides and magnesium oxide coated slides can also be' 
used in the cascade impactor, but the gelatine coated slides are to be 
preferred as they give a permanent record of the droplets sampled.
This is particularly useful when many samples of fog droplets are 
required, as the droplet stains can be sized and counted conveniently at a 
later date, ' -
This impingement method for determining droplet size in 
fogs using gelatine coated slides has been used extensively by workers in 
this Department (23), Samples of droplets were taken in fogs that occurred 
in the London area during the winter months of 1955 - 1956,
Because the cascade impactor impingement technique was 
used in the determination of the droplet size in artificial fogs (Part II) and.. 
since the aim was to prepare artificial fogs with similar characteristics 
to that of natural fogs, a brief survey of the results obtained in the London 
fogs is worth considei’ing here.
Over one hundred samples of the London fogs were taken 
with the cascade impactor, and the slides wei*e subsequently examined 
and analysed.
Fig. 3 illustrates a typical photomicrograph of droplet stains . 
sampled in a fog at London Airport, The fourth stage has no trace of 
droplet stains. This was often found to be the case, and when a trace
F I G . 3 .
FOG SAMPLE TAKEN BY CASCADE IMPACTOP-. 
(LONDON JAN. 1956. )
Is’•ST AGE
1 1
5 0 0 ^
2nd- STAGE
t -  1
2 0 0 y .
3rd- STAGE
IOO
A
4’K STAGE
IOO
r
was discernible it appeared to consist of solid particulate matter of 
submicron dimensions.
Table 1 is typical of the results obtained and gives the 
number of droplets and the mass of liquid water per cubic metre in 
the fog, These results ai*e calculated from knowledge of the droplet 
size distribution and the volume of fog-laden air sampled. The 
significance of the liquid water content and the attenuation coefficient 
of fogs and the methods used in their determination are discussed 
later on in this Section.
For a detailed discussion of the results and conclusions 
obtained from the samples of the London fogs, the reader is advised to 
consult reference (23).
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(c) Measurements of liquid Water Content (3.) (?)
The liquid water content of fogs is a most important 
factor to know, especially for the assessment of energy requirements 
for fog dispersal. The accurate measurement of the quantity of liquid 
water present in the air which is saturated, or nearly so, is very 
difficult as values in the 0. 01 -1,0 gm, per cubic metre range have to 
be measured in a system which can contain 15 - 20 gm, per cubic metre 
of water .vapour*'- .*•
Any methods adopted to measure Hquid water content of , ; 
fogs should have:** '
- A, range coverage of 0,01 - 1,0 gm, per cubic metre 
. .. 2. A  few seconds response;
3. A  direct absolute reading or some means of 
accurate calibration;
and 4. Little or no disturbance on the fog environment.
The methods used in-the .determination of liquid water 
content fall into the following four main categories
/ (i) Absorption by Hygroscopic Agents
A  known volume of fog is drawn through a known weight 
of desiccant, and the resulting increase in weight gives the total 
absorption of fog droplets and water vapour (24). Knowing the relative 
humidity at the time of sampling, allowance can be made for the water 
vapour present and the liquid water content calculated.
This is of limited accuracy since humidities are difficult
to measure very accurately.
(“ ) The Controlled Evaporation of Fog Droplets
This involves the controlled heating of a fog-laden
atmosphere sufficient to convert the liquid water drops into vapour. The
change occurring in the ambient temperature is measured, from which
the liquid water content initially present can be calculated.
Errors in this method arise from inaccuracies involved in
reading the wet and dry bulb thermometers, .
, (iii) Collection of Liquid Drops by Impact ,
Houghton and Radford (3), captured fog droplets by
exposing a very fine meshed screen across the movement of a fog.
* ; . ' ' * *r . x  ^ f ■
The average liquid water content for a calculated volume rate of fog 
flow was determined by weighing the amount of water collected off the 
screen.
Another method adopted was to pass an array of porous 
alumina cylindrical capillary impactors (25) of various sizes through a 
fog. The increase in weight for a calculated volume rate of aerosol flow
gives the liquid water content.
Both the above methods are based on the theoretical collection? 
efficiencies and errors arise due to the non-capture of the very small 
fog droplets which tend to give rather low values for liquid water content.
• . . -19- ■ • - / • ■ . . ' ■.
An improved method was adopted by Zaitsev (26) for 
determining the liquid water content of fogs and clouds. Dyed absorbent 
papers were used and the droplets made coloured stains on impingement. 
Knowing the number of stains, their size and the volume of fog swept out, 
the liquid water content can be calculated.
Errox'S in this method are due to the difficulty in measuring 
accurately the coloured stains, in the calibration to give drop diameters, 
and in the determination of the volume of fog sampled. As was previously 
stated the liquid water content of the London fogs during 1955 - 1956 was 
estimated from samples of droplets taken with the cascade impactor (see 
Table 1). The measurements were made from knowledge of the size 
and number of droplets in a known volume of fog sampled. Low values 
for liquid water content were obtained by this method as compared with 
other used methods (3) (7). One reason for this may be the inefficient 
sampling of the very large droplets by the impactor. Reasons and 
explanations for this are fully discussed in reference (23),
(iv) Hot Wire Method J 2 D  
Water droplets falling on an electrically heated resistance 
wire produce a temperature decrease in the wire and lower its resistance. 
An instrument based on these principles has been developed at R*A,E., 
Farnborough, for measuring the liquid water content of clouds. The 
decrease in resistance of the hot wire due to impinging droplets is 
measured on a Wheatstone bridge arrangement. In the determination of
the liquid water content of clouds the hot wire is attached to the aerofoils 
of an aircraft and the liquid water content measured while flying through 
the cloud. To adapt this method for the liquid water content deter­
mination in fogs, the hot wire must be moved through a fog or be attached 
to a rotating arm. An instrument based on this principle and attached 
to a rotating arm has been developed by Picknett (23).in this laboratory. 
Tests carried out with it at Kew Observatory, in artificial fogs of volume 
500 cubic feet, have proved promising, •
(d) Visibility and Number of .Fog Particles (4)(5)(28)(29)(30)
It is of great importance that an estimate of the size and' 
concentration of the suspended particles, in the atmosphere should be 
determined from optical measurements, as one of the main properties of, 
a fog is its power to attenuate light.
The oldest and simplest quantitative relation specifying 
visibility, is due to Trabert (29), who related visibility, drop size and 
liquid water content by the expression:-
V  = CD
W  •
where V is the visibility in metres
D  is the diameter of the droplet in microns,
W  is the liquid water content in gm. per cubic metre*
and C is a value ranging from 2, 9 - 3,05 (Wagner 1909;
Koehler, 1928).
- 2 1 -
The relationship is found to be valid only for fogs possessing a narrow 
drop size spectrum.
One of the most important measurements of colloid 
particle size by observation of the scattered light is based on the electro­
magnetic theory developed by Gustav Mie in 1908 ( (9), Chapter 7);
( (30), p. 245).
For fog droplets larger than approximately 30 microns 
diameter, the Mie theory becomes complex and the problem becomes 
one of geometrical optics. Most fogs however consist of droplets in 
the range where the Mie theory holds good (15).
The relationship between the visibility (visual range) and 
the size and number of suspended particles which affect it is given by 
Koschmieder’s formula:-
V = loge 1
or €
y . a  3 . 9 i  
<r
where V  is .the visibility in centimetres,
(f is the total extinction coefficient (attenuation coefficient) 
due to the suspended matter expressed in reciprocal centimetres* 
and £ has a value of 0.02, and is the threshold of 
perceptible contrast between the apparent brightness of an object and 
its background.
: • '■ : - 2 3 -  - . ■
The total extinction coefficient is contributed to
by the \ • .
(Tin, due to; scattering by gas molecules *
' ^d* due to scattering and absorption by hygroscopic
particles and the associated water drops,
and cTs, due to scattering and absorption by non -
hygroscopic particles of dust, , smoke and any other suspended solid matter,
Thus, we m ay write,
. . . O W  <T » ^  +  <rd  + <rs  =
jn the case of natural fogs the total extinction coefficient cT* , can be 
regarded'as:- ' v “ ' . .
.< I  • + „ * '
as <Tm . will be a negligible contribution. In which case we have the 
Koschmeider - Stratton, Houghton relation (30):-
3»91 = <r = cq + » nrz N K  + <r-s . . ;
■ ‘ r ■ ' y . ■. *' '•
where N  is the number of drops per cubic, centimetre,
■ TV r^ is the projected area of each drop*
and K  is the Mie-theory total scattering coefficient, or, the 
ratio between the total.scattering cross-section and the geometric 
cross-section of tiie siDherical x^ ai'ticles* -
The value of K  depends on tlx© wavelength of the incident 
light, and the radius and refractive index of the particle scattering 
the light. Its variation with particle radius for water droplets 
(refractive index = 1,33) has been computed by Houghton and Chalker 
in 1949 (31) (Fig. 4),
For the sizes of particles mostly encountered in fogs, K  
converges to a value of two* This value of K  has been used in all light 
transmission studies made by the writer on artificial fogs (Part II).
It is more convenient to study light transmission in a fog 
than to evaluate visibility. The correct transmission equation for a 
dispersion of spherical particles all of radius r is:-
X TVr2 N K  1 . „<ri  = ■ =: eTO
Where I0is the intensity of the incident parallel beam of light,
I is the intensity of the emergent parallel beam of light,
1 is the optical path length through the fog,
and N  is the number of fog di*oplets per unit volume of the 
dispersion.
The aboye light transmission equation, together with 
Stokes’ law (32), has been used for measuring drop sizes in artificial 
fogs possessing a broad drop size spectrum. (See Part II).
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An analysis of the size, abundance and chemical 
composition of nuclei (see General Introduction) is essential. The 
particles present in the atmosphere may consist of carbon, tars, 
oils, salts and acid fumes contaminated with traces of chlorine, sulphur 
dioxide* ozone and the various oxides of nitrogen and carbon (33) (34).
Their mass range extends from 10“V*7 - 10“^gm. and they
6 . m a y  vary in abundance from 5.0 - 5 x 1 0  particles per cubic centimetre
- -6 -4with a size range from 1. 0 x 10 - 2.0 x 10 cm. diameter.
The most effective particles in nucleation are the large
hygroscopic type, but those lying in the small range can contribute
much to the contamination of the fog droplets.
Methods of Analyses
The large nuclei are often captured by a precipitation
method either thermally or electrostatically ((33) Chapters 43, 68)
and their number determined by an Aitken nucleus counter (35).
Dessens ( (13), p. 55) studied many haze particles by capturing them
on the thread of a spider’s web. The small nuclei are often ionic and
their size can be determined from measurements of their migration
velocities in a Millikan type apparatus. The electron microscope is
a useful instrument in this field of size analysis (36) provided the
particles are not volatile. Many of the nuclei encountered m a y  have
a mixed composition, making analysis very difficult unless they possess
-25- .
(e) Nuclei and Contaminants of F o g
- 2 6 -
a crystalline structure. All methods of chemical analysis are 
further made difficult due to the small quantities of nuclei that 
are usually obtained, .
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S £  C T I O N  2 ,
T H E  D IS P E R S A L  O F  F O G
(a )  E v a p o r a t io n  P r o c e s s e s
(b ) P r e c i p i t a t i o n  P r o c e s s e s
S E C T IO N  2 
T h e  D is p e r s a l  o f  F o g  (3 7 ) ( 3 8 ) ,(3 9 )
T o  d is s ip a te  fo g  i t  i s  n e c e s s a r y  to  e l im in a t e  fo g  p a r t i c le s  
f r o m  th e  a tm o s p h e r e  e i t h e r  b y j -
(a ) E v a p o r a t io n  P r o c e s s e s  
o r  (b )  P r e c i p i t a t i o n  P r o b e s s e s ,
. B e lo w  is  a  b r i e f  a c c o u n t  o f  th e  m a in  d i s p e r s a l  m e th o d s  u s e d  a n d  
t h e i r  l i m i t a t i o n s .
(a ) E v a p o r a t io n  P r o c e s s e s  • ,
. A l l  th e  e v a p o r a t io n  m e th o d s  u s e d  i n  th e  r e m o v a l o f  fo g  
d e p e n d  e i t h e t  o n : -  ; , .
( i )  T h e  p a r t i a l  r e m o v a l  o f  th e  w a te r ,  v a p o u r ,  
o r  ( i i )  T h e  ’ a p p l i c a t io n  o f  h e a t ,  . ;
( i )  W a te r  V a p o u r  R e m o v a l 
H y g r o s c o p ic  p a r t i c le s  a r e  d i s t r ib u t e d  in t o  a  f o g - la d e n  
a tm o s p h e r e  to  r e m o v e  a  p o r t io n  o f  th e  a tm o s p h e r ic  w a t e r .  T h e  
m e th o d  in v o lv e s  th e  e v a p o r a t io n  o f  th e  w a t e r  d r o p le t s  a n d  th e  
c o n d e n s a t io n  o f  w a t e r  v a p o u r  o n  to  th e  h y g r o s c o p ic  p a r t i c le s  (4 0 ) .
T h e  h e a t  o f  c o n d e n s a t io n  o u tb a la n c e s  th e  h e a t  o f  e v a p o r a t io n  a s  a n  
e x o t h e r m ic  r e a c t io n  i s  in v o lv e d  i n  g o in g  f r o m  th e  w a te r  v a p o u r  s ta te  
to  s o lu t io n  o n  th e  h y g r o s c o p ic  p a r t i c l e .  T h e  r e le a s e  o f  h e a t  
a c c e le r a t e s  th e  e v a p o r a t io n  p r o c e s s .  *_
M a n y  h y g r o s c o p ic  m a t e r ia ls  h a v e  b e e n  s u g g e s te d ,  b u t  ; 
d u e  to  i t s  e x t r e m e  d e l iq u e s c e n c e  a n d  c h e a p n e s s  c a lc iu m  c h lo r id e  is  
m o s t  f a v o u r e d .  A t t e m p ts  h a v e  b e e n  m a d e  i n  th e  U . S . A .  to  d is p e r s e  
fo g  u s in g  c a lc iu m  c h lo r id e  i n  a f i n e l y  d iv id e d  s ta te  a n d  a s  s p r a y e d  d r o p s  
o f  a  s a tu r a te d  s o lu t io n  (3 7 ) ;  b o th  m e th o d s  m e t  w i t h  l i m i t e d  s u c c e s s *
T h e  c o n s t r u c t io n  o f  s u i t a b le  s p r a y s  to  g iv e  th e  r e q u i r e d  d r o p  s iz e s  
( 1 0 0  -  2 0 0  m ic r o n  d ia m e t e r )  f o r  u s e f u l  fo g  c le a r in g  w i t h o u t  th e  f o r m a t i o n '  
o f  v e r y  s m a l l  o r  v e r y  la r g e  d r o p s  p r o v e d  v e r y  d i f f i c u l t .
T o  o b ta in  a  s u b s t a n t ia l  c le a r in g  i n  a  fo g  i t  w a s  fo u n d  
n e c e s s a r y  to  h a v e  a t  le a s t  .70 -  80  s p r a y s  a r r a n g e d  a lo n g  a  h o r iz o n t a l  
p ip e  l i n e  a t  a  h e ig h t  10 m e t r e s  a b o v e  th e  g r o u n d .  T h is  m a d e  th e  
a p p a r a tu s  v e r y  la r g e  a n d  o p e r a t io n a l  c o s ts  p r o v e d  q u i te  h ig h .
. ( i i )  T h e  A p p l i c a t io n  o f  H e a t
T h e  e v a p o r a t io n  o f  fo g  d r o p le t s  b y  th e  a p p l ic a t io n  o f  h e a t  
i s  th e  b a s is  o f  th e  B r i t i s h  w a r t im e  in v e n t io n  F ID O  (3 8 ) .  T h e  a p p a r a tu s  
c o n s is t s  o f  a n  a r r a n g e m e n t  o f  b u r n e r s  w h ic h  c o n s u m e  ( a t  a  v e r y  h ig h  
r a t e )  f u e l  f e d  u n d e r  p r e s s u r e .  T h e  a i r  i s  h e a te d  a b o v e  th e  d e w  p o in t *  
c a u s in g  th e  fo g  d r o p le t s  t o  e v a p o r a te ,  S im u l t a n e o u s ly ,  r i s i n g  a if*  
c u r r e n t s  a r e  s e t  i n  m o t io n  w h ic h  h e lp  to  l i f t  th e  fo g .
F ID O  i s  th e  o n ly  s y s te m  y e t  d e m o n s t r a te d  w h ic h  p r o v id e s  
u s e f u l  fo g  c le a r in g ,  b u t  o p e r a t io n a l  c o s ts  a r e  v e r y  h ig h .
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(b )  P r e c ip i t a t i o n  P r o c e s s e s
T h e s e  m e th o d s  d e p e n d  e i t h e r  o n : -
( i )  T h e  c o l le c t io n  o f  fo g  d r o p le t s  o n  to  la r g e  p a r t i c le s  
in t r o d u c e d  in t o  th e  a tm o s p h e r e ,  
o r  ( i i )  T h e  r e m o v a l  o f  f o g  d r o p le t s  b y  g r a v i t y  a f t e r  
c o a le s c e n c e ,
( i )  M e c h a n ic a l  S w e e p in g  
F o g  d r o p le t s  c a n  b e  r e m o v e d  f r o m  th e  a tm o s p h e r e  to  
s o m e  e x te n t  b y  th e  m e c h a n ic a l  s w e e p in g  a c t io n  o f  f a l l i n g  p a r t i c le s  (4 1 ) ,  
T h e  p a r t i c le s  u s e d  i n  t h is  ’ s c r u b b in g  o u t*  a c t io n  c a n  b e  s p r a y e d  w a te r  
d r o p s  o r  f i n e l y  g r o u n d  s a n d .  L i t t l e  s u c c e s s  w a s  a c h ie v e d  b y  t h is  
m e th o d  a s  o n ly  th e  la r g e s t  fo g  d r o p le t s  w e r e  p r e f e r e n t i a l l y  
r e m o v e d  ( 4 2 ) . .
( i i )  M e th o d s  a d o p te d  to  E n c o u r a g e  C o a le s c e n c e  ."
T h e  p r e c ip i t a t i o n  o f  s m o k e  a n d  d u s t  b y  m e a n s  o f  s ta n d in g  
s o u n d  w a v e s  o f  s o n ic  o i* s u p e r s o n ic  f r e q u e n c y  i s  a  w e l l - k n o w n  
a c h ie v e m e n t  (4 3 ) ; ; ( (9 )»  p .  7 2 ) .  T h e o r y  s h o w s  t h a t  th e  a g g lo m e r a t io n  
o f  fo g  p a r t i c le s  in t o  d r o p s  la r g e  e n o u g h  to  f a l l  to  th e  g r o u n d  a t  a n  
a p p r e c ia b le  r a t e  c a n  b e  o b ta in e d  b y  th e  u s e  o f  in te n s e  s o u n d  f i e l d s  
(  (9 ) ,  p . 7 2 ) ,  (3 0 ) ,  ( 4 4 ) .
F r o m  t e s t s  c a r r i e d  o u t  a t  C o lu m b ia  U n iv e r s i t y  a n d  f i e l d  7 
t e s t s  a t  L u n k e n  A i r p o r t ,  O h io  (4 5 )  (4 6 )  i t  w a s  s h o w n  t h a t  w i t h  a  s o u n d
'■ ' . ■ -30- .
f r e q u e n c y  o f  3 0 0  -  7 0 0  c y c le s  p e r  s e c o n d  a n d  a n  in t e n s i t y  o f  1 3 0  -  160  
d e c ib e ls ,  th e  v i s i b i l i t y  o f  a  fo g  w a s  d o u b le d  f r o m  2 0 0  f e e t  to  4 0 0  f e e t  
i n  o n e  m in u t e .
T h e  f a c t o r s  w h ic h  c o n t r ib u t e  to  th e  c o a g u la t io n  o f  th e  
s u s p e n d e d  p a r t i c le s  a r e  th e  d i f f e r e n c e s  s e t  u p  i n  th e  a m p l i t u d e s  o f  
t h e  v ib r a t in g  p a r t i c l e s ;  th e  a t t r a c t i v e  h y d r o d y n a m ic a l  f o r c e s  s e t  u p  
b e tw e e n  th e  d r o p le t s  b y  th e  a i r  v ib r a t io n s ;  a n d  th e  v o r t e x  m o t io n  
a r o u n d  th e  l a r g e r  d i ’o p s .  O th e r  s i m i l a r  t e s t s  f a i l e d  to  c a u s e  a n  
a p p r e c ia b le  c le a r i n g .  I t  c a n  b e  i n f e r r e d  t h a t  w h e r e  s u c c e s s  w a s  
a c h ie v e d ,  c o n d i t io n s  w e r e  id e a l  f o r  fo g  d is s ip a t io n ,  a n d  p r o b a b ly  th e  
s y s t e m  o f  fo g  w a s  i n  a n  u n s ta b le  s ta te  p r i o r  to  th e  s o n ic  t e s t s .
V e r y  h ig h  in t e n s i t ie s  a r e  r e q u i r e d  to  b r in g  a b o u t  m a r k e d  c le a r in g ,  
w i t h  th e  r e s u l t  t h a t  s o n ic  t e c h n iq u e s  h a v e  b e e n  c o m p le t e ly  a b a n d o n e d  
a s  a  m e th o d  o f  fo g  d i s p e r s a l .
-31-
- 32 -
P A R T  IX.
A R T I F I C I A L ,  F O  G  S
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S E C T IO N  1 .
S E C T IO N  2 .
S E C T IO N  3 .
S E C T IO N  4 .
S E C T IO N  5 .
S E C T IO N  6 .
P A R T  II.
A R T I F I C I A L  F O G  S
P R E L I M IN A R Y  S T U D IE S  O F  F O G S  F O R M E D  
B Y  C O N D E N S A T IO N
F U R T H E R  S T U D IE S  O F  F O G S  F O R M E D  
B Y  C O N D E N S A T IO N
S T U D IE S  O F  S P R A Y E D  F O G S  IN  A  5 0 ,0 0 0  
C U .  F T .  C H A M B E R
S T U D IE S  O F  S P R A Y E D  F O G S  IN  A  i f  C U . 
F T .  C H A M B E R
A  D E T A I L E D  S T U D Y  O F  S P R A Y E D  F O G S  
IN  A  12 C U .  F T .  C H A M B E R
A N A L Y S IS  A N D  I N T E R P R E T A T IO N  O F  T H E  
L I G H T  T R A N S M IS S IO N  S T U D IE S  M A D E  O N  
T H E  S P R A Y E D  F O G S  IN  T H E  12 C U .  F T .  
C H A M B E R
G E N E R A L  D IS C U S S IO N  A N D  C O N C L U S IO N S
“3 4 “
S E C T I O N  1.
P R E L I M IN A R Y  S T U D IE S  O F  F O G S  F O R M E D  B Y  '  
C O N D E N S A T IO N
(a )  I n t r o d u c t io n
(b )  A p p a r a tu s  a n d  E x p e r im e n t a l  T e c h n iq u e
( c )  M e a s u r e m e n ts  a n d  R e s u l t s
(d )  D is c u s s io n  o f  R e s u l t s
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P r e l im in a r y  S tu d ie s  o f  F o g s  F o r m e d  b y  C o n d e n s a t io n
(a )  I n t r o d u c t io n
A l th o u g h  w a te r  fo g s  f r e q u e n t ly  o c c u r  in  n a t u r e ,  t h e i r  
p r e p a r a t io n  a n d  s tu d y  in  th e  la b o r a t o r y  h a v e  a lw a y s  p r o v e d  r e l a t i v e l y  
d i f f i c u l t .  O th e r  a e r o s o ls  s u c h  a s  s m o k e  a n d  o i l  fo g s  c a n  u s u a l ly  
b e  p r e p a r e d  in  q u i te  a c o n c e n t r a te d ,  u n i f o r m  a n d  s ta b le  f o r m  a n d  
t h e i r  s tu d y  i n  th e  la b o r a t o r y  h a s  b e e n  f a i t T y  e x te n s iv e  ( ( 9 ) ,  C h a p te r  6 ) 
( ( 3 0 ) ,  p . 26  e t  s e q )  ( (3 3 )  p . 1 6 7 ) .  L i t t l e  i s  fo u n d  in  t h e  l i t e r a t u r e  w i t h  
r e g a r d  t o  e x p e r im e n t a l  w o r k  o n  a r t i f i c i a l  w a t e r  f o g s ,  c h ie f l y  f o r  th e  
r e a s o n s  g iv e n  b e lo w .  S o m e  w o r k  h a s  b e e n  r e p o r t e d  on  th e  p r e p a r a t io n  
o f  w a te r  fo g s  (4 7 ) ,  m o s t l y  w i t h  d r o p  s iz e s  le s s  th a n  a  fe w  m ic r o n s  
d ia m e te r  (4 8 )  ( 4 9 ) ,  a n d  a  m e th o d  h a s  b e e n  p r o p o s e d  f o r  th e  p r e p a r a t io n  
o f  m o n o d is p e r s e d  c lo u d s  w i t h  d r o p  s iz e s  in  th e  6 . 0  m ic r o n s  -  3 m m .  
d ia m e t e r  r a n g e  ( 5 0 ) .
T h e  p r o d u c t io n  o f  a r t i f i c i a l  fo g s  f a l l s  in t o  tw o  m a in  
categories viz:**
( i )  C o n d e n s a t io n  m e th o d  ( th e  p r o c e s s  r e s p o n s ib le  
f o r  n a t u r a l  fo g s )
a n d  ( i i )  S p r a y in g  m e th o d .
B o th  th e s e  m e th o d s  h a v e  b e e n  u s e d  in  t h i s  la b o r a t o r y  in  th e  p r e p a r a t io n  
o f  w a t e r  fo g s  a n d  t h e i r  r e la t i v e  m e r i t s  a r e  d is c u s s e d  b e lo w .
S E C T I O N  1.
P r o b a b ly  th e  g r e a t e s t  s in g le  f a c t o r  w h ic h  m a k e s  th e  ' 
p r e p a r a t io n  a n d  s tu d y  o f  w a te r  fo g s  d i f f i c u l t ,  i s  s e n s i t i v i t y  t o  
t e m p e r a t u r e  v a r ia t i o n .  A s  w a s  p r e v io u s ly  m e n t io n e d  (s e e  G e n e r a l  
I n t r o d u c t io n ) ,  fo g  i s  e s s e n t ia l l y  a n  u n s ta b le  s y s te m  a n d  th e  a p p l ic a t io n  
o f  h e a t  i s  a n  im p o r t a n t  m e th o d  f o r  i t s  d is p e r s a l  ( P a r t  I ,  S e c t io n  2 )*
In  v ie w  o f  th e  t h e r m a l  i n s t a b i l i t y  o f  fo g s ,  a n y  in v e s t ig a t io n s  m a d e  in to  
o th e r  f a c t o r s  w h ic h  g iv e  r i s e  t o  th e  v a r y in g  d e g r e e s  o f  s t a b i l i t y  o f  
u n c o n ta m in a te d  a n d  c o n ta m in a te d  fo g s ,  m u s t  b e  c a r r i e d  o u t  i n  s u c h  a 
m a n n e r  t h a t  t h e r m a l  v a r ia t i o n s ,  a n d  h e n c e  e v a p o r a t io n  p r o c e s s e s ,  a r e  
e i t h e r  c o n t r o l le d  o r  e l im in a t e d .
I d e a l ly ,  s y s te m s  o f  fo g  w i t h  a  v o lu m e  o f  a t  le a s t  10  - 1 5  c u .  f t  
a n d  a h e ig h t  o f  2 -  3 f t .  s h o u ld  b e  p r e p a r e d .  V o lu m e s  o f  fo g  s m a l l e r  
t h a n  t h is  w i l l  b e  v e r y  s e n s i t i v e  t o  s m a l l  a m o u n ts  o f  h e a t ;  w a l l  e f fe c ts  
w i l l  b e  c o n s id e r a b le ,  a n d  th e  w h o le  a e r o s o l  s y s te m  w i l l  p r o v e  d i f f i c u l t  
t o  c o n t r o l .  T o  c a r r y  o u t  s a t i s f a c t o r y  s e d im e n ta t io n  s tu d ie s ,  a  fo g  w i t h  
a  10  -  50  m ic r o n s  d ia m e t e r  d r o p  s iz e  d i s t r i b u t i o n  -  t h i s  i s  th e  
d i s t r i b u t i o n  f r e q u e n t ly  e n c o u n te r e d  in  n a t u r a l  fo g s  -  m u s t  h a v e  a  h e ig h t  
o f  f a l l  o f  s e v e r a l  fe e t  (a  fo g  d r o p le t  o f  2 0  m ic r o n s  d ia m e te r  s e d im e n ts  
a t  a  r a te  o f  a p p r o x im a t e ly  2 f t .  p e r  m i n . ) .
H o w e v e r ,  d u e  t o  th e  d i f f i c u l t y  i n i t i a l l y  e n c o u n te r e d  in  
p r e p a r in g  w a te r  f o g s ,  th e  e a r l y  e x p e r im e n ts  w e r e  c a r r i e d  o u t  o n  s m a l l  
v o lu m e s  o f  fo g .  F o g s  f o r m e d  b y  a  c o n d e n s a t io n  p r o c e s s  w e r e  f i r s t
s tu d ie d ,  a s  th e  m e th o d  a p p e a re d  l i k e l y  t o  b e  m o r e  c o n t r o l la b le  th a n  
a  s p r a y in g  m e th o d .  ' • \  •
A t  le a s t  tw o  c o n d it io n s  a r e  n e c e s s a r y  t o  p ro d u c e  w a te r  
fo g s  b y  c o n d e n s a t io n ;  n a m e ly  s l ig h t  s u p e r  s a t u r a t io n ,  a n d  th e  p r e s e n c e  
o f  n u c le i  u p o n  w h ic h  c o n d e n s a t io n  c a n  ta k e  p la c e  (s e e  G e n e r a l  I n t r o d u c t io n  
a n d  P a r t  I ,  S e c t io n  1 (e ) ) .
S u b - s e c t io n s  (b )  a n d  ( c )  d e s c r ib e  th e  p r e p a r a t i o n  o f  w a te r  
fo g s  b y  c o n d e n s a t io n ,  a n d  th e  m e a s u r e m e n ts  m a d e  t o  a s s e s s  t h e i r  
s t a b i l i t y .
(b )  A p p a r a tu s  a n d  E x p e r im e n t a l  T e c h n iq u e  -
. T h e  a p p a r a tu s  u s e d  t o  in v e s t ig a t e  th e  p o s s i b i l i t i e s  o f  w a t e r  
fo g  f o r m a t io n  w a s  b a s e d  p r i n c i p a l l y  o n  th e  L a  M e r  -  S in c la i r  a e r o s o l  
g e n e r a to r  ( (3 0 ) ,  p .  2 6 1 ) ,  w h ic h  w a s  i n i t i a l l y  d e s ig n e d  f o r  th e  p r e p a r a t io n  
o f  fo g s  f r o m  h ig h  b o i l i n g - p o in t  l i q u id s  ( 2 0 0  -  3 0 0 ° C .  ) .
T h e  a p p a r a tu s  c o n s is te d  e s s e n t ia l l y  o f  t h r e e  s e c t io n s  
(s e e  F ig .  5 ) : -
A  W a te r  V a p o u r  g e n e r a to r ,  ; * ._
. B  R e h e a te r  a n d  m ix in g  C h a m b e r ,
a n d  C  F o g  C h a m b e r ,
A f t e r  s e v e r a l  t r i a l  c o n s t r u c t io n s ,  a n  a l l  g la s s  a p p a r a tu s  w a s  
d e s ig n e d ,  h a v in g  th e  d im e n s io n s  s h o w n  in  F ig iS ;  th e  a p p a r a tu s  w a s  
s u p p o r te d  o n  a n  i r o n  f r a m e .  T h e  w a te r  v a p o u r  g e n e r a to r  ( A  in  F ig ,  5 )
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w a s  a b o u t  h a l f - f i l l e d  w i t h  w a t e r ,  a n d  m a in ta in e d  a t  a  t e m p e r a t u r e  o f  
5 0 ° C ,  £  1 ° C .  b y  th e  u s e  o f  a  s m a l l  e l e c t r i c  im m e r s io n  h e a te r .  A n  
e l e c t r i c a l l y - d r i v e n  v a c u u m  p u m p  w a s  u s e d  t o  b u b b le  a i r  t h r o u g h  th e  
h e a te d  w a te r  a t  a  r a t e  o f  a p p r o x im a t e ly  1 0  c u b ic  c e n t im e t r e s  p e r  
s e c o n d  ( t h is  f lo w  w a s  fo u n d  f r o m  e x p e r im e n t  t o  b e  th e  m o s t  s u i t a b le ) .  
T h e  a i r ,  w h ic h  w a s  p r e - f i l t e r e d  w i t h  a  N o ,  5 s in te r e d  g la s s  f u n n e l 
( F  in  F ig ,  5 ) ,  w a s  b u b b le d  in to  th e  h e a te d  w a te r  t h r o u g h  a  c o a r s e  
s in te r e d  b u b b le r *
T h e  w a te r  v a p o u r  e n te r e d  th e  m ix in g  c h a m b e r  (B  i t i  F ig ,  5 ) ,  
a n d  w a s  m ix e d  w i t h  s m o k e  w h ic h  s e r v e d  a s  a  s o u r c e  o f  c o n d e n s a t io n  
n u c le i .  T h e  m ix in g  c h a m b e r  w a s  im m e r s e d  in  a w a te r  b a th  ( n o t  s h o w n )  
a n d  m a in ta in e d  a t  a; t e m p e r a t u r e  o f  6 0 > - 6 5 ° C .  T h is  e n s u re d  t h a t  th e  
n u c le i  a n d  w a te r  v a p o u r  m ix e d  f r e e l y  in  th e  c h a m b e r  w i th o u t  
c o n d e n s a t io n  o c c u r r in g ,
.T h e  n u c le i  u s e d  w e r e  o f  s i l v e r  io d id e ,  c a lc iu m  c h lo r id e  a n d  
m a g n e s iu m  p e r c h lo r a t e .  S i l v e r  io d id e  w a s  s tu d ie d  f i r s t ,  a s  i t  c o u ld  
b e  r e a d i l y  m a d e  in to  a  s m o k e ,  a n d  h a d  b e e n  u s e d  in  th e  p a s t  i n  th e  
n u c le a t io n  o f  s u p e r c o o le d  w a te r  c lo u d s  ( ( 3 0 ) ,  p .  2 7 7 ) ,  T h e  s i l v e r  
io d id e  s m o k e  w a s  o b ta in e d  b y  b u r n in g  a  f in e  a to m is e d  s p r a y  o f  s i l v e r  
io d id e - a c e to n e  s o lu t io n ;  d e t a i ls  o f  t h is  m e th o d  a r e  g iv e n  in  r e fe r e n c e  
( 3 0 ) ,  p .  2 8 0 .
.T h e  s o lu t io n  o f  s i l v e r  io d id e - a c e to n e  w a s  a to m is e d  f r o m  a 
s m a l l  * s c e n t - s p r a y f a t o m is e r ,  u s in g  a  s t r e a m  o f  c o a l  g a s ,  a n d  th e
is s u in g  m ix t u r e  o f  g a s  a n d  s o lu t io n  w a s  b u r n t .  T h e  r a te  o f  b u r n in g  -  
a n d  h e n c e  th e  r a t e  o f  n u c le i  p r o d u c t io n  -  w a s  k e p t  a s  c o n s ta n t  a s  
p o s s ib le  b y  a d ju s t in g  th e  g a s  p r e s s u r e  so  t h a t  a  f la m e  o f  1 -  2 c m .  
in  le n g th  w a s  o b ta in e d .  T h e  s m o k e  e n te r e d  th e  m ix in g  c h a m b e r  ( v ia  
a g la s s  c h im n e y ;  D  i n  F ig .  5 ) ,  w h e r e  i t  m ix e d  w i t h  th e  w a te r  v a p o u r .
T h e  m ix t u r e  o f  w a te r  v a p o u r  a n d  n u c le i  w a s  d r a w n  u p  th r o u g h  
a  g la s s  c o lu m n  ( fo g  c h a m b e r ,  C  in  F ig .  5 ) w h e r e ,  o n  c o o l in g ,  a  fo g  
w a s  f o r m e d .  B y  c lo s in g  th e  a p p r o p r ia t e  ta p s  th e  fo g  c o u ld  b e  is o la t e d  
a n d  s t a b i l i t y  m e a s u r e m e n ts  m a d e .
T h e  i n i t i a l  e x p e r im e n ts  w e r e  c a r r i e d  o u t  u s in g  s i l v e r  io d id e  
n u c le i ,  b u t  l a t e r  i t  w a s  fo u n d  p o s s ib le  t o  p r e p a r e  c a lc iu m  c h lo r id e  a n d  
m a g n e s iu m  p e r c h lo r a t e  s m o k e s  in  th e  m a n n e r  d e s c r ib e d  f o r  th e  
p r e p a r a t io n  o f  s i l v e r  io d id e  s m o k e ,  w i t h  th e  e x c e p t io n  t h a t  e t h y l  
a lc o h o l  w a s  u s e d  in s te a d  o f  a c e to n e .
T h e  p r e s e n c e  o f  th e s e  h ig h ly  h y g r o s c o p ic  n u c le i  g a v e  
o p t i c a l l y  d e n s e r  f o g s ,  a n d  s t a b i l i t y  m e a s u r e m e n ts  c o u ld  b e  m a d e  m o r e  
r e a d i l y .  In  v ie w  o f  t h i s ,  i t  w a s  d e c id e d  t o  p r e p a r e  a l l  fo g s  in  th e  
a p p a r a tu s  f r o m  c a lc iu m  c h lo r id e  n u c le i ,  a s  s ta n d a r d  p r a c t i c e .
T h e  w a l l s  o f  th e  fo g  c h a m b e r  w e r e  t h o r o u g h ly  c le a n e d  a n d  
w e t te d  w i t h  w a te r  b e f o r e  e a c h  e x p e r im e n t a l  r u n .  B e n z e n e  a n d  
c o n c e n t r a te d  s u lp h u r ic  a c id  w e r e  u s e d  t o  r e m o v e  a l l  t r a c e s  o f  g r e a s e  
f r o m  th e  g la s s ,  w h ic h  w a s  th e n  f i n a l l y  r in s e d  s e v e r a l  t im e s  w i t h  t a p  
w a t e r .  T h is  c le a n in g  o p e r a t io n  w a s  r e p e a te d  u n t i l  a n  u n b r o k e n  f i l m
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o f  w a te r  r e m a in e d  o n  th e  in s id e ,  w a l l s  o f  th e  c h a m b e r .  I t  w a s  fo u n d  
f r o m  e x p e r im e n t  t h a t  w i t h  th e  w a l l s  w e t te d  in  t h is  m a n n e r ,  th e  fo g s  
w e r e  n o t  o n ly  m o r e  r e a d i l y  p r o d u c e d  b u t  W e re  a ls o  m o r e  r e p r o d u c ib le  
i n  o p t ic a l  d e r is i ty *
W ith  c o n d i t io n s  s ta n d a r d is e d  a s  d e s c r ib e d  a b o v e ,  c o n ta m in a te d  
a n d  u n c o n ta n im a te d  w a t e r  fo g s  w e r e  s tu d ie d .  I n i t i a l l y  th e  fo g s  w e r e  
c o n ta m in a te d  w i t h  a n io n ic  a n d  c a t io n ic  s u r fa c e  a c t iv e  a g e n ts  t o  s e e  
w h e th e r  th e  s u r fa c e  p r o p e r t ie s  o f  th e  fo g  d r o p le t s  c o u ld  b e  m o d i f ie d  
in  s u c h  a w a y  a s  t o  a f f e c t  th e  s t a b i l i t y  o f  th e  s y s te m .
T h e  c o n ta m in a n ts  w e r e  in t r o d u c e d  in to  th e  fo g  in  th e  f o r m  
o f  a  s m o k e .  T h e  s m o k e  o f  s u r fa c e  a c t iv e  a g e n t  w a s  p r e p a r e d  in  a 
s i m i l a r  m a n n e r  t o  t h a t  u s e d  f o r  m a k in g  th e  c a lc iu m  c h lo r id e  s m o k e ,  
a n d  w a s  in t r o d u c e d  in t o  th e  m ix in g  c h a m b e r  t h r o u g h  th e  g la s s  c h im n e y *  
T h e  p r o c e d u r e  a d o p te d  t o  c o n ta m in a te  a w a te r  f o g ,  w a s  t o  b u r n  th e  
s u r fa c e  a c t iv e  a g e n t  -  a lc o h o l  s o lu t io n  a t  th e  s a m e  t im e  a s  th e  c a lc iu m  
. c h lo r id e  -  a lc o h o l  s o lu t io n ,  a n d  a l lo w  th e  tw o  s m o k e s  to  p a s s  u p  th e  
c h im n e y  (D  in  F ig .  5 ) .
R e s u l t s  o f  th e  s t a b i l i t y  m e a s u r e m e n ts  o n  th e  c o n ta m in a te d  
a n d  u n c o n ta m in a te d  w a t e r  fo g s  a r e  d is c u s s e d  in  th e  f o l lo w in g  s u b - s e c t io n ,
( c )  M e a s u r e m e n ts  a n d  R e s u l t s
T h e  m e th o d s  u s e d  to  a s s e s s  th e  r e la t i v e  s t a b i l i t i e s  o f  u n ­
c o n ta m in a te d  a n d  c o n ta m in a te d  w a te r  fo g s  in v o lv e d  m e a s u r e m e n ts  o f : - - -
( i )  V e lo c i t y  o f  s e d im e n ta t io n  a n d  ( i i )  l i g h t  t r a n s m is s io n .
A  s u i ta b le  fo g  w a s  p r e p a r e d  in  th e  fo g  c h a m b e r  a n d  
t im e  a l lo w e d  f o r  a n y  t u r b u le n c e  t o  s u b s id e .  W h e n  a  s h a r p* i
’ m e n is c u s ’ a t  th e  to p  o f  th e  fo g  c lo u d  w a s  o b s e r v e d ,  i t s  r a te  o f  f a l l  
u n d e r  g r a v i t y  w a s  m e a s u r e d .  I t  w a s  fo u n d  q u i te  s a t i s f a c t o r y  t o  
m e a s u r e  th e  d is ta n c e  o f  f a l l  o f  th e  fo g  b y  s ig h t in g  a lo n g  th e  to p  o f  th e  
fo g  c lo u d ,  a n d  r e a d in g  th e  d is ta n c e  d i r e c t l y  o f f  a  c e n t im e t r e  s c a le  
a t ta c h e d  t o  th e  o u ts id e  w a l l  o f  th e  fo g  c h a m b e r .  T h e  t im e  ta k e n  
f o r  th e  to p  o f  t h e  fo g  c lo u d  t o  f a l l  k n o w n  d is ta n c e s  w a s  m e a s u r e d  
w i t h  a  s t o p - c lo c k .
I t  w a s  fo u n d  t h a t  th e  fo g s  p r e p a r e d  f r o m  p la in  w a t e r ,  a n d  
f r o m  w a te r  p lu s  a n  a n io n ic  s u r fa c e  a c t iv e  a g e n t ( s o d iu m  l a u r y l  s u lp h a te  -  
S .X j.S ,) ,  a lw a y s  s e t t le d  a t  a  c o n s ta n t  r a te  ( i . e . ,  a  ’ D is ta n c e  o f  f a l l ~ T im e r  
g r a p h  g a v e  a  s t r a ig h t  l i n e  (s e e  F ig .  6 ) ) .  M e a s u r e m e n ts  w e r e  a ls o  
m a d e  o n  fo g s  p r e p a r e d  f r o m  w a te r  p lu s  c a t io n ic  s u r fa c e  a c t iv e  a g e n ts ,  
th e  s u r fa c e  a c t iv e  a g e n ts  u s e d  b e in g  c e t y l  p y r id i n iu m  c h lo r id e  (C ,3 ? ,C #) 
a n d  s t e a r y l  d im e t h y l  b e n z y l  a m m o n iu m  c h lo r id e  ( S . D , M . B , A . C . ) .  F o r  
e a c h  t y p e  o f  c o n ta m in a n t  u s e d ,  m e a s u r e m e n ts  w e r e  m a d e  o n  o v e r  50 
fo g s  a n d  in  evex*y. e x p e r im e n t  th e  s e d im e n ta t io n  v e lo c i t ie s  o f  th e  
c a t io n ic  t r e a t e d  w a te r  fo g s  w e r e  fo u n d  to  in c r e a s e  w i t h  t im e  (s e e  F ig .  6 ) ,  
T a b le  2  s h o w s  s o m e  o f  th e  e x p e r im e n t a l  r e s u l t s  o b ta in e d  
w i t h  t r e a t e d  a n d  u n t r e a te d  fo g s  a n d  F ig ,  6 s h o w s  th e  ty p e  o f  g r a p h s ,  
o b ta in e d  f r o m  th e  m e a s u r e m e n ts .
— 4 1 —
(i) Sedimentation E x p e r i m e n t s  (Fart'I, Section 1(b))
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■' T h e  fo g s  w e r e  f u r t h e r  s tu d ie d  b y  a  l i g h t  t r a n s m is s io n  
m e th o d .  F o r  t h i s  a n  o p t ic a l  b o x  w a s  t r a c e d  a r o u n d  th e  fo g  c h a m b e r  
n e a r  t o  i t s  b a s e ,  s o  a s  t o  m in im is e  a n y  e f fe c t  o n  th e  l i g h t  t r a n s m is s io n  
c a u s e d  b y  lo s s  o f  d r o p le t s  d u e  t o  s e d im e n ta t io n .
T h e  l i g h t  s o u r c e  w a s  a  6 v o l t  -  6  w a t t  c a r  la m p  b u lb  
c o n n e c te d  t o  a  ’ h e a v y  d u ty *  6  v o l t  c a r  b a t t e r y ,  w h ic h  g a v e  a  s te a d y  
l i g h t  o u tp u t .  F r o m  a  s u i t a b le  s l i t  i n  th e  o p t ic a l  b o x ,  a  p e n c i l  o f  l i g h t  
w a s  p a s s e d  t h r o u g h  th e  fo g  a n d  d i r e c t e d  o n  t o  a  s e le n iu m  b a r r i e r - t y p e  
p h o to c e l l .  T h e  a m o u n t  o f  l i g h t  f a l l i n g  o n  th e  p h o to c e l l  w a s  
d e te r m in e d  b y  th e  u s e  o f  a  C a m b r id g e  m o v in g - c o i l  g a lv a n o m e te r  
c a l ib r a t e d  i r i  t e r m s  o f  p e r c e n ta g e  l i g h t  t r a n s m is s io n .  M e a s u r e m e n ts  
w e r e  m a d e  a s  s o o n  a s  t u r b u le n c e  in  th e  fo g  h a d  s u b s id e d ,  a n d  a t  
r e g u la r  15 s e c o n d  i n t e r v a l s  u n t i l  80  -  90%  o f  th e  l i g h t  w a s  a g a in  
t r a n s m i t t e d .
I t  w a s  fo u n d  t h a t  i n  th e  c a s e  o f  th e  p la in  w a te r  f o g s ,  90%  
o f  th e  l i g h t  w a s  t r a n s m i t t e d  a f t e r  4 - 5  m in u t e s ,  w h e re a s  th e  fo g s  
t r e a t e d  w i t h  c a t io n ic  s u r fa c e  a c t iv e  s m o k e  g a v e  a  90%  l i g h t  t r a n s m is s io n  
a f t e r  |  -  1 m in u t e .  T a b le  3 s h o w s  a  fe w  t y p ic a l  e x p e r im e n ta l  r e s u l t s ,  
a n d  F ig .  7 i l l u s t r a t e s  th e  l i g h t  t r a n s m is s io n  c u r v e s  o b ta in e d  f r o m  
th e s e  m e a s u r e m e n ts .
(ii) Light T r a n s m i s s i o n  E x p e r i m e n t s
T y p i c a l  L i g h t  T r a n s m i s s i o n  R u n s  f o r  C o n t a m i n a t e d  a n d  U n c o n t a m i n a t e d
Table 3.•
D e ca y  T im e
•
P e rc e n ta g e  L ig h t  T r a n s m is s io n  V a lu e s #
..................................................... - - ................. ................... ' ....................- .......... ........................ ...........  . .  ........................ - ..............
M in s . P la in  W a te r  F og C .P .C  t r e a t e d  Fog#
0 6 O . 4 6 0 . 0
X
4 6 9 .1 8-3.2
1
a 7 0 .5 9 0 . 6
3
4 ' 7 2 . 0 9 1 . 2
1 7 2 . 6 9 1 .6
7 4 .1 9 2 .3
i * 7 5 .5 9 3 .1
4 7 6 .3 9 3 .5
2
,
7 7 .0 9 4 c0
2i 7 7 .7
1h|«CM 7 8 . 1 -
P J 3
4 7 8 .4 -
3 8 0 . 0 -
3 i  . 8 0 . 6 -
8 1 . 6 -
> 3
^  4 8 2 . 4 -
4 8 3 .5
................ • .... ................................................. ‘ . .
_
.......................... j
C .P .C  C e ty l  P y r id in iu m  C h lo r id e  ( o a t io n io  t y p e ) .
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T h e  p r e l i m in a r y  e x p e r im e n ts  s h o w  t h a t  th e  s t a b i l i t y  o f  a  
fo g  w a s  a f fe c te d  w h e n  th e  d r o p le t s  w e r e  c o n ta m in a te d  w i t h  s m o k e  
p a r t i c le s  p ro d u c e d  f r o m  c a t io n ic  s u r fa c e  a c t iv e  a g e n ts .  A b o u t  tw o  
h u n d r e d  c o n ta m in a te d  a n d  u n c o n ta m in a te d  w a te r  fo g s  w e r e  s tu d ie d ;  
th e  fo g s  c o n ta m in a te d  w i t h  c a t io n ic  s u r fa c e  a c t iv e  a g e n ts  a lw a y s  
e x h ib i t e d  a  g r e a t e r  r a t e  o f  d e c a y  th a n  e i t h e r  th e  p la in  w a te r  fo g s  o r  
th e  fo g s  c o n ta m in a te d  w i t h  a n io n ic  s u r fa c e  a c t iv e  a g e n ts .  A n y  
v a r ia t io n s  o f  t e m p e r a t u r e  w h ic h  m ig h t  h a v e  o c c u r r e d  in  th e  fo g  
s y s te m  w h i le  u n d e r  s tu d y  m u s t  h a v e  h a d  n e g l ig ib le  e f f e c t s ,  a s  th e  
m e a s u r e m e n ts  w e r e  fo u n d  to  b e  v e r y  r e p r o d u c ib le .
T h e  s e d im e n ta t io n  g r a p h s  (s e e  F ig .  6 ) s h o w  t h a t  th e  p la in  
w a te r  fo g s  s e t t le d  a t  a  c o n s ta n t  r a t e ,  a n d  t h i s  w a s  a ls o  t r u e  f o r  th e  
w a te r  fo g s  c o n ta m in a te d  w i t h  s o d iu m  l a u r y i  s u lp h a te .  T h e  fo g s  
c o n ta m in a te d  w i t h  c a t io n ic  s u r fa c e  a c t iv e  a g e n ts ,  h o w e v e r ,  g a v e  
s e d im e n ta t io n  v e lo c i t i e s  w h ic h  in c r e a s e d  q u i te  r a p id l y  w i t h  t im e .
T h is  c a n  b e  e x p la in e d  b y  a s s u m in g  t h a t  th e  p a r t i c l e  s iz e  o f  th e  p la in  
w a te r  fo g s  a n d  o f  th e  a n io n ic  s u r f a c e  a c t iv e  c o n ta m in a te d  fo g s  r e m a in e d
i
v i r t u a l l y  u n c h a n g e d  d u r in g  th e  e x p e r im e n ts ,  w h i le  th e  p a r t i c l e  s iz e
o f  th e  fo g s  c o n ta in in g  c a t io n ic  s u r fa c e  a c t iv e  a g e n ts  in c r e a s e d  d u r in g
\
t h e  t im e  o f  th e  e x p e r im e n ts .  T h e r m a l  d e s t a b i l i s in g  e f fe c ts  c a n ,  in  
e f f e c t # b e  r u le d  o u t  u n d e r  th e s e  c o n d i t io n s ,  a n d  i t  a p p e a r s  l i k e l y  t h a t  
t h e  in c r e a s e  in  p a r t i c l e  s iz e  i s  d u e  t o  a  d r o p le t - t o - d r o p le t  c o a le s c e n c e
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(d) Discussion of Results
m e c h a n is m .  A s  th e  l i g h t  t r a n s m is s io n  e x p e r im e n ts  in d ic a te  t h a t
3  4  t
a l l  th e  fo g s  h a d  a  la r g e  d r o p le t  p o p u la t io n  ( 1 0  -  1 0  p a r t i c l e s / c u . c m .
o f  a i r ) ,  i t  i s  p r o b a b le  t h a t  c o a le s c e n c e  b e tw e e n  d r o p le t s  in  th e  p la in
w a t e r  fo g s  a ls o  o c c u r r e d *  D r o p le t  g r o w th  clue to  t h is  m e c h a n is m
m u s t ,  h o w e v e r ,  h a v e  b e e n  n e g l ig ib le  d u r in g  th e  t im e  o f  th e  e x p e r im e n t
f o r  th e  p la in  w a te r  fo g s  a n d  f o r  th o s e  c o n ta m in a te d  w i t h  a n io n ic
s u r fa c e  a c t iv e  a g e n ts .
T h e s e  p r e l i m i n a r y  s tu d ie s  a p p e a r  t o  in d ic a te  t h a t
c o a le s c e n c e  o f  d r o p le t s  c a n  o c c u r .  M o r e  im p o r t a n t ,  i t  a p p e a r s
t h a t  th e  r a te  o f  c o a le s c e n c e  o f  d r o p le t s  c a n  b e  m o d i f ie d  w h e n  th e
d r o p le t s  a r e  c o n ta m in a te d  w i t h  c e r t a in  m a t e r i a l s .
- 4 6 -
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S E C T I O N  2.
F U R T H E R  S T U D IE S  O F  F O G S  F O R M E D  
B Y  C O N D E N S A T IO N
(a )  A p p a r a tu s  a n d  E x p e r im e n t a l  T e c h n iq u e
(b )  M e a s u r e m e n ts  a n d  R e s u l t s
( c )  D is c u s s io n
F u r t h e r  S tu d ie s  o f  F o g s  F o r m e d  b y  C o n d e n s a t io n
(a )  A p p a r a tu s  a n d  E x p e r im e n t a l  T e c h n iq u e
In  v ie w  o f  th e  s u c c e s s  e n c o u n te r e d  in  p r e p a r in g  w a te r  fo g s  
b y  th e  p r e v io u s  m e th o d ,  a  l a r g e r  a p p a r a tu s  s u i t a b le  f o r  th e  m o r e  
r e f in e d  c o n t r o l  a n d  m e a s u r e m e n t  o f  v a r io u s  im p o r t a n t  v a r ia b le s ,  w a s  
c o n s t r u c te d ,  s o  t h a t  a  m o r e  d e ta i le d  s tu d y  o f  s u c h  fo g s  c o u ld  b e  m a d e *  
T h e  a l l  g la s s  a p p a r a tu s  n o w  d e s c r ib e d  (s e e  F ig .  8 ) i s  b a s i c a l l y  
s i m i l a r  t o  t h a t  d e s c r ib e d  in  S e c t io n  1 , .
B r i e f l y ,  th e  m o d i f ic a t io n s  m a d e  w e r e : -
( i )  T h e  w a te r  v a p o u r  g e n e r a to r  A ,  a n d  th e  m ix in g  c h a m b e r  B ,  
w e r e  e n c lo s e d  i n  in d e p e n d e n t ly - c o n t r o l la b le  a i r  t h e r m o s t a t s ,  E ,
( i i )  T w o  g a s  f lo w m e t e r s , . G ,  w e r e  in c o r p o r a t e d  to  m e a s u r e  
th e  f lo w  r a te s  o f  n u c le i  a n d  w a te r  v a p o u r  e n t e r in g  th e  fo g  c h a m b e r ,
( i i i )  T h e  fo g  c h a m b e r ,  C ,  h a d  l a r g e r  d im e n s io n s  ( le n g th ,  90 c m ,  ; 
d ia m e t e r ,  7 c m , ) t p  p e r m i t  g r e a t e r  v o lu m e s  o f  fo g  t o  b e  s tu d ie d ,  /
( i v )  T h e  n u c le i  w e r e  o b ta in e d  f r o m  a  s m a l l  e l e c t r i c a l  h e a t in g  
c o i l ,  K ,  T h is  w a s  w o u n d  o n  a n  a s b e s to s  f o r m e r ,  w h ic h  s u p p o r te d  a  
p lu g  o f  th e  n u c le a t in g  a g e n t ,  a n d  w a s  in s e r t e d  i n  th e  m ix in g  c h a m b e r .
( v )  ’ W e t ’ -  a n d  fd r y f -  ju n c t io n e d  t h e r m o c o u p le s ,  I ,  w e r e
in s e r t e d  in  th e  fo g  c h a m b e r  t o  in d ic a te  th e  r e la t i v e  h u m id i t y .
( v i )  A  s ta b le  t r a n s m is s o m e t e r ,  J ,  w a s  c o n s t r u c te d  a r o u n d  th e  fo g  
c h a m b e r .  T h e  t r a n s m is s o m e t e r  c o n s is te d  o f  tw o  g a s  f i l l e d  p h o to tu b e s
- 4 8 -
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in c o r p o r a t e d  in  a W h e a ts to n e  b r id g e  c i r c u i t ,  a s  d e s c r ib e d  b e lo w  
(s e e  F ig .  1 1 ) .
( v i i )  T h e  s t r e a m  o f  a i r  e n t e r in g  th e  w a te r  v a p o u r  g e n e r a to r  
a n d  m ix in g  c h a m b e r  w a s  b u b b le d  t h r o u g h  a t r a i n  o f  w a t e r - f i l l e d  
d r e c h s e l  b o t t le s  ( n o t  s h o w n  in  F ig .  8 ) ,  a t  th e  s a m e  t e m p e r a t u r e  a s  
t h a t  o f  th e  v a p o u r  g e n e r a to r ,  t o  e n s u r e  t h a t  f i n a l  s a t u r a t io n  w o u ld  
b e  a c h ie v e d  in  th e  g e n e r a to r .
T h e  te c h n iq u e  e m p lo y e d  in  th e  p r e p a r a t io n  o f  th e  fo g s  w a s  
s i m i l a r  i n  p r in c i p l e  t o  t h a t  m e n t io n e d  in  S e c t io n  1 , In  th e  i n i t i a l  
e x p e r im e n ts ,  th e  fo g s  f o r m e d  w e r e  p a u c id is p e r s e ,  a n d  o f  v e r y  s m a l l  
d r o p  s iz e .  T h is  w a s  in d ic a te d  b y  th e  f a c t  t h a t  th e  fo g s  e x h ib i te d  
d i f f r a c t i o n  c o lo u r s ,  a s s o c ia te d  w i t h  th e  h ig h e r  o r d e r  T y n d a l l  s p e c t r a  
( ( 3 0 ) ,  p . 2 4 5 ) ,  a n d  h o  s e t t l in g  o f  th e  fo g  w a s  o b s e r v e d .  M u c h  o f  th e  
p r e l i m in a r y  w o r k  w a s  d e v o te d  t o  o b ta in in g  fo g s  w i t h  a  d r o p  s iz e  in
i
th e  20  m ic r o n s  d ia m e t e r  r a n g e . .  A f t e r  v a r io u s  t r i a l s  th e  f o l lo w in g  
c o n d i t io n s  w e r e  fo u n d  to  g iv e  th e  la r g e s t  d r o p  s iz e s  (s e e  S e c t io n  2 (b )  a n d  
F ig .  1 2 ) .
T h e  w a te r  v a p o u r  g e n e r a to r  w a s  m a in ta in e d  a t  a  
t e m p e r a t u r e  o f  6 0 ° C  -  0 . 5 ° C ,  a s  t e m p e r a t u r e s  a b o v e  6 0 ° C  g a v e  n o  
a p p r e c ia b le  in c r e a s e  in  p a r t i c le  s iz e .  T h e  m ix in g  c h a m b e r  w a s  
r e g u la te d  a t  a  t e m p e r a t u r e  o f  7 0 ° C  ^  1 ° C .
<*= 4 9 -
S o d iu m  c h lo r id e  n u c le i  a p p e a re d  t o  g iv e  fo g s  o f  g r e a t e r  
o p a c i t y  th a n  d id  c a lc iu m  c h lo r id e  n u c le i ,  a n d  f o r  t h is  r e a s o n ,  s o d iu m  
c h lo r id e  w a s  u s e d  f o r  th e  p r e p a r a t io n  o f  n u c le i  in  a l l  f u r t h e r  
e x p e r im e n ts .  T h e  c o i l  o f  n ic h r o m e  w i r e  ( r e s is t a n c e  20  o h m s :  
w o u n d  o n  a n  a s b e s to s  c o r e )  w a s  d ip p e d  in  a s a tu r a te d  s o lu t io n  o f  
s o d iu m  c h lo r id e  a n d  in s e r t e d  in to  th e  m ix in g  c h a m b e r .  T h e  c o i l  
w a s  c o n n e c te d  to  a 2 0  v o l t  s u p p ly  o f  e l e c t r i c i t y  a n d  m a in ta in e d  a t  a  
d u l l  r e d  h e a t .
T h e  t o t a l  r a t e  o f  f lo w  o f  w a te r  v a p o u r  a n d  n u c le i  t h r o u g h  
th e  fo g  c h a m b e r  w a s  a d ju s te d  t o  39  c u b ic  c m .  p e r  s e c o n d ,  t o  g iv e  a n  
a e r o s o l  s t r e a m  o f  v e l o c i t y  1 c m , / s e c .  T h is  e n a b le d  fo g  d r o p le t s  o f  
d ia m e te r  m u c h  le s s  th a n  2 0  m ic r o n s  to  be  c a r r i e d  o u t  o f  th e  fo g  
c h a m b e r  w i t h  th e  a i r  s t r e a m ;  a n d  d r o p le t s  o f  d ia m e t e r  m u c h  g r e a t e r  
t h a n  20  m ic r o n s  to  s e t t le  o u t ,  T h e  r a te  o f  f lo w  o f  w a te r  v a p o u r  w a s  
29  c u b ic  c m ,  p e r  s e c o n d ,  a n d  t h a t  o f  d r y  a i r  p lu s  n u c le i  w a s  
10 c u b ic  c m ,  p e r  s e c o n d .  T h e  c a l i b r a t io n  c h a r t s  f o r  th e  tw o  
f lo w  m e t e r s  u s e d  a r e  s h o w n  in  F ig ,  9 ,
I r o n - c o p p e r  t h e r m o c o u p le s  w i t h  ’w e t 1 a n d  ’ d r y ’ ju n c t io n s  
w e r e  in s e r t e d  in to  th e  t o p  o f  th e  fo g  c h a m b e r  a n d  c o n n e c te d  t o  a 
s e n s i t i v e  g a lv a n o m e te r .  T h e  g a lv a n o m e te r  w a s  c a l ib r a t e d  (s e e  
F ig ,  1 0 ) t o  r e a d  t e m p e r a t u r e  d i f f e r e n c e s  b e tw e e n  th e  w e t  a n d  d r y  
ju n c t io n s ,  a n d  f r o m  a k n o w le d g e  o f  th e  d r y  t e m p e r a t u r e  (a s  m e a s u r e d
- 5 0 -

o
(J
w i t h  a  m e r c u r y - i n - g l a s s  t h e r m o m e t e r )  th e  r e la t i v e  h u m id i t y  in  
th e  fo g  c h a m b e r  w a s  c a lc u la te d .
T h e  t r a n s m is s o m e t e r  w a s  s u p p o r te d  o n  a  ’H a n d y  A n g le ’ 
f r a m e  a n d  p la c e d  a t  a d is ta n c e  o f  i  f  f e e t  b e lo w  th e  to p  o f  th e  fo g  
c h a m b e r .
T h e  o p t ic a l  s y s te m  a n d  th e  p h o t o e le c t r ic  c i r c u i t  e m p lo y e d  - 
in  th e  t r a n s m is s o m e t e r  a r e  s h o w n  in  F ig .  1 1 , T h e  l i g h t  w a s  s u p p l ie d  
b y  a  6 v o l t  -  6 w a t t  c a r  la m p  b u lb ,  w h ic h  w a s  p la c e d  a t  th e  f o c i i  
b e tw e e n  tw o  p la n o - c o n v e x  c o n d e n s e r  le n s e s ,  t o  g iv e  a p a r a l l e l  b e a m  
o f  l i g h t  o n  e i t h e r  s id e  o f  th e  le n s  s y s te m .  T h e  w id th s  o f  th e  p a r a l l e l  
b e a m s  o f  l i g h t  w e r e  a d ju s te d  w i t h  a  p a i r  o f  i r i s  d ia p h r a g m s  a n d  
th e  b e a m s  w e r e  d i r e c t e d  o n  t o  th e  c a th o d e s  o f  a  p a i r  o f  g a s  f i l l e d  
p h o to tu b e s .  T h e  p h o to tu b e s  e m p lo y e d  w e r e  th e  M u l l a r d  20  C .G ,  ty p e  
( w i t h  a w o r k in g  a n o d e  v o l ta g e  o f  90 v o l t s ) ,  a n d  w e r e  in c o r p o r a t e d  in  
th e  a r m s  o f  a  W h e a ts to n e  b r id g e .  In  th e  a b s e n c e  o f  a fo g ,  th e  b r id g e  
w a s  b a la n c e d  b y  a d ju s t in g  r e s is t a n c e  (s e e  F ig .  1 1 ) t o  g iv e  a 
z e r o  r e a d in g  o n  th e  m o v in g - c o i l  m ic r o a m m e t e r .  O p t ic a l  d e n s i t ie s  
o f  fo g s  w e r e  d e t e r m in e d  b y  m e a s u r in g  th e  m ic r o a m m e t e r  ’ o u t - o f -  
b a la n c e ’ c u r r e n t .  E r r o r s  d u e  to  f lu c t u a t io n s  in  th e  l i g h t  in t e n s i t y  * 
w e r e  e l im in a te d  w i t h  t h i s  b r id g e  a r r a n g e m e n t .
M o s t  o f  th e  g r o u n d - g la s s  jo in t s  o f  th e  a p p a r a tu s  w e r e  
l e f t  u n g re a s e d ;  th e  v e r y  la r g e s t  j o i n t s ,  h o w e v e r ,  w e r e  l i g h t l y  s m e a r e d

w i t h  ’A p ie z o n  L * .  T h e  w h o le  a p p a r a tu s  w a s  s u p p o r te d  w i t h  
’H a n d y  A n g le *  s c a f f o ld in g ;  d e t a i ls  a n d  d im e n s io n s  o f  th e  a p p a r a tu s  
a r e  g iv e n  in  F ig ,  8 .
F o g s  w e r e  p r e p a r e d  a s  d e s c r ib e d  a b o v e ,  a n d  a l lo w e d  t o  
f lo w  c o n t in u o u s ly  u p  th e  fo g  c h a m b e r  f o r  a b o u t  7 m in u t e s ,  a f t e r  
w h ic h  t im e  n o  f u r t h e r  d e c r e a s e  in  l i g h t  t r a n s m is s io n  w a s  o b s e r v e d .
B y  c lo s in g  th e  a p p r o p r ia t e  t a p s ,  th e  fo g  w a s  th e n  is o la t e d ;  i t s  
p r o p e r t ie s  w e r e  th e n  s tu d ie d .
(b )  M e a s u r e m e n ts  a n d  R e s u l t s
( i )  D r o p  s iz e  D e te r m in a t io n  
H a v in g  s u c c e s s f u l ly  p r e p a r e d  w a te r  fo g s  b y  th e  m e th o d  
j u s t  d e s c r ib e d ,  e x p e r im e n ts  w e r e  c o n d u c te d  t o  d e t e r m in e  th e  d r o p  
s iz e  o f  th e  fo g s .  D e te r m in a t io n s  w e r e  m a d e  u s in g  th e  ’ c a p t u r e - i n - o i l ’ 
m e th o d  d e s c r ib e d  in  P a r t  I ,  S e c t io n  1 (b ) ,  T h e  fo g  d r o p le t s  w e r e  
im p a c te d  o n  a n  o i le d  s l id e  o f  d im e n s io n s  2 c m ,  x  2 c m ,  ( ’ S p ir a x  2 3 0 * 
g e a r  o i l  u s e d ) .  T h e  s l id e  w a s  s u s p e n d e d  in s id e  th e  fo g  c h a m b e r  o n  
a  s m a l l  c r a d le ;  e x p o s e d  t o  th e  a e r o s o l  s t r e a m  f o r  a  fe w  s e c o n d s ,  
a n d  t r a n s f e r r e d  q u ic k ly  t o  a  p r e - f o c u s s e d  m ic r o s c o p e  a n d  a p h o to ­
m ic r o g r a p h  ta k e n ,
. P r io r  t o  e x p o s u r e ,  th e  s l id e  w a s  c o v e r e d  w i t h  a  g la s s  p la te  
a n d  w a s  a l lo w e d  to  r e m a in  in  th e  fo g  e n v i r o n m e n t  f o r  a t  le a s t  1 0  
m in u te s *  T h is  p r e c a u t io n  a l lo w e d  th e  o i le d  s l id e  t o  r e a c h  th e  a m b ie n t  
t e m p e r a t u r e  o f  th e  fo g ,  a n d  e l im in a t e d  a n y  u n d u e  c o n d e n s a t io n  o r
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e v a p o r a t io n  o c c u r r in g  o n  th e  s l id e .  T h e  c o v e r - p la t e  w a s  r e m o v e d  
f r o m  th e  o i le d  s l id e  b y  a n  e le c t r o - m a g n e t  d e v ic e  in c o r p o r a te d  
a r o u n d  th e  c r a d le .
F ig ,  12 s h o w s  a t y p ic a l  p h o to m ic r o g r a p h  o f  th e  fo g  
d r o p le t s  s a m p le d ,  a n d  i l l u s t r a t e s  th e  p a u c id is p e r s e  n a tu r e  o f  th e  
fo g s  p r e p a r e d  w i t h  t h i s  t y p e  o f  a p p a r a tu s .  T h e  d r o p  s iz e s  a l l  l i e  
w i t h in  th e  10 -  15 m ic r o n  d ia m e te r  r a n g e ;  f u r t h e r  a t te m p ts  to  
in c r e a s e  th e  d r o p le t  s iz e  in  th e  e x is t in g  a p p a r a tu s  f a i le d ,
( i i )  N u c le a t io n  S tu d ie s  
D u r in g  th e  p r e p a r a t io n  o f  fo g s  i t  w a s  o b s e r v e d ,  a s  e x p e c te d ,  
t h a t  s o m e  m a t e r i a ls  s e r v e d  a s  b e t t e r  c o n d e n s a t io n  n u c le i  th a n  o t h e r s .
In  v ie w  o f  t h i s ,  a n d  th e  f a c t  t h a t  th e  m a in  v a r ia b le s  in v o lv e d  in  th e  
p r e p a r a t io n  o f  fo g s  c o u ld  b e  c o n v e n ie n t ly  c o n t r o l l e d ,  a  q u a l i t a t iv e  
s tu d y  w a s  m a d e  o n  th e  n u c l  e a t  io n  e f f i c ie n c y  o f  v a r io u s  s u b s ta n c e s .
The nucleating substances studied, included silver iodide, magnesium 
perchlorate, calcium chloride and sodium chloride.
T h e  h e a t in g  c o i l  w a s  d ip p e d  in to  a  s a tu r a te d  s o lu t io n  o f  th e , 
n u c le a t in g  s u b s ta n c e  a n d  c o n n e c te d  to  a 2 0  v o l t  e l e c t r i c a l  s u p p ly .
A l l  th e  s u b s ta n c e s  e x c e p t  s i l v e r  io d id e  w e r e  o b ta in e d  a s  s a tu r a te d  
s o lu t io n s  b y  d is s o lv in g  in  w a t e r .  W ith  s i l v e r  io d id e ,  th e  m e th o d  
a d o p te d  w a s  to  u s e  a  s a tu r a te d  s o lu t io n  o f  s i l v e r  io d id e  ( f r e s h l y  
p r e c ip i t a t e d ) ,  a n d  p o ta s s iu m  io d id e  in  a c e to n e  ( f o r  d e t a i ls  o f  p r e p a r a t io n  
s e e  r e fe r e n c e  (3 0 ) ,  p ,  2 7 7 ) .
F I G . 1 2 .
PHOTOMI CROGRAPH  OF FOG DR O P L E T S  
SAMPLED IN THE W A T E R - F O G  G E N E R A T O R .  
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• U s in g  th e  e x p e r im e n t a l  p r o c e d u r e  d e s c r ib e d  in  
S e c t io n  2 (a ) ,  a  c o n t in u o u s  f lo w  o f  a e r o s o l  w a s  d r a w n  t h r o u g h  th e  fo g  
c h a m b e r ,  a n d  th e  m in im u m  v a lu e  o f  l i g h t  t r a n s m is s io n  r e c o r d e d .
N o  q u a n t i t a t iv e  c o m p a r is o n s  w e r e  a t te m p te d ,  b u t  a  m e a s u r e  o f  th e  
r e la t i v e  l i g h t  a t te n u a t io n s  a s s o c ia te d  w i t h  th e  v a r io u s  n u c le i  g a v e  
a  c o m p a r a t iv e  t e s t  o f  t h e i r  n u c le a t in g  e f f i c ie n c ie s ,  a s s u m in g  th a t  
e q u a l n u m b e r s  o f  n u c le i  w e r e  p r o d u c e d  b y  th e  m e th o d  d e s c r ib e d  a b o v e .
T a b le  4  g iv e s  th e  m in im u m  v a lu e s  o f  l i g h t  t r a n s m is s io n  
o f  30  w a te r  fo g s  p r e p a r e d  f r o m  d i s t i l l e d  w a te r  in  c o n ju n c t io n  w i t h  
e a c h  o f  th e  v a r io u s  c o n d e n s a t io n  n u c le i .  T h e  o r d e r  o f  in c r e a s in g  
e f f i c ie n c y  o f  n u c le a t io n  o f  th e  d i f f e r e n t  s u b s ta n c e s  u n d e r  th e s e  
e x p e r im e n t a l  c o n d i t io n s  i s  s e e n  t o  b e ; -
A g l ;  M g ( C 1 0 4 ) 2 ; C a C l2 ; N a C l.
—    >
I n c r e a s e  in  N u c le a t in g  E f f i c ie n c y
( i i i )  L i g h t  T r a n s m is s io n  E x p e r im e n t s
.F ogs  w e r e  p r o d u c e d  in  th e  m a n n e r  d e s c r ib e d  
( S e c t io n  2 ( a ) ) ,  u s in g  s o d iu m  c h lo r id e  n u c le i ,  a n d  s tu d ie d  b y  th e  l i g h t  
t r a n s m is s io n  m e th o d ,  u s in g  th e  ’b r id g e  t y p e ’ o f  t r a n s m is s o m e t e r  
( S e c t io n  2 (a ) ) .  F o g s  p r e p a r e d  f r o m  d i s t i l l e d  w a te r  a n d  ta p  w a te r  w e r e  
s tu d ie d  i n i t i a l l y ,  a n d  t h e i r  l i g h t  t r a n s m is s io n  v a lu e s  o b s e r v e d  d u r in g  
t h e i r  ’d e c a y 1 p e r io d s .
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Results of Experiments with Various types of Nuclei.
N u c l e i
A v e r a g e  M i n i m u m  L i g h t  T r a n s m i s s i o n  V a l u e s  
F o r  3 0  W a t e r  F o g s .
H e a t e d  c o i l
( u n t r e a t e d ) o
i
'S
R
C
O
O
N
S i l v e r  I o d i d e . 1 5 %
M a g n e s i u m  P e r c h l o r a t e , 6 0 %
C a l c i u m  C h l o r i d e  0 3 8 %
S o d i u m  C h l o r i d e .
>
4 5%
A b o u t  20  fo g s  p r e p a r e d  f r o m  d i s t i l l e d  w a te r  a n d  f r o m  
ta p  w a te r  w e r e  s tu d ie d  in  t h i s  m a n n e r ,  a n d  w e r e  fo u n d  t o  g iv e  
s i m i l a r  l i g h t  t r a n s m is s io n  v a lu e s .  T a b le  5 g iv e s  a  fe w  t y p ic a l  v a lu e s  
o f  th e  t im e s  r e q u i r e d  f o r  a n  in c r e a s e  in  l i g h t  t r a n s m is s io n  f r o m  
65%  to  85%  f o r  b o th  ta p  w a te r  a n d  d i s t i l l e d  w a te r  fo g s .  F ig .  13 
s h o w s  a  l i g h t  t r a n s m is s io n  c u r v e  w h ic h  is  t y p i c a l  f o r  b o th  ta p  w a te r  
a n d  d i s t i l l e d  w a t e r  f o g s .  M e a s u r e m e n ts  o f  th e  r e la t i v e  h u m id i t y  i n  
th e  fo g  c h a m b e r  ( u s in g  th e  fw e t*  a n d  ’ d r y *  ju n c t io n e d  t h e r m o c o u p le  -  
s e e  S e c t io n  2 (a )  ) in d ic a te d  t h a t  c o m p le te  s a t u r a t io n  e x is te d  d u r in g  
th e  w h o le  t im e  o f  th e  e x p e r im e n t .
A t t e m p ts  t o  c o n ta m in a te  th e  fo g s  w i t h  c a t io n ic  a n d  a n io n ic  
s u r fa c e  a c t iv e  s m o k e s  w e r e  m a d e  b y  p la c in g  th e  s u r fa c e  a c t iv e  a g e n ts  
( in  th e  s o l id  f o r m )  o n  th e  h e a t in g  c o i l  ( s e e  F ig .  8 ) .  C o n ta m in a t io n  o f  
th e  w a te r  fo g s  b y  t h i s  m e th o d  p r o v e d  u n s u c c e s s fu l ,  c h ie f l y  b e c a u s e  
th e  s u r fa c e  a c t iv e  m a t e r i a l s  w e r e  d e c o m p o s e d  t h e r m a l l y ,  p r o d u c in g  
d e n s e  v o lu m e s  o f  s m o k e  c o n s is t in g  o f  p a r t i c le s  o f  m a t e r i a l s  w h ic h  
w e r e  n o t  s u r fa c e  a c t iv e .
F u r t h e r  a t t e m p ts - to  s tu d y  th e  e f fe c t s  o f  s u r fa c e ' a c t iv e  
a g e n ts  o n  th e  w a te r  fo g s  w e r e  m a d e  b y  s p r a y in g  d r o p le t s  o f  s o lu t io n s  
o f  th e  a g e n ts  in to  th e  fo g s .  T h e  fo g  c h a m b e r  w a s  f i l l e d  w i t h  a  w a te r  
fo g ,  a n d  a  s m a l l  g la s s  a t o m is e r  w a s  u s e d  t o  p r o d u c e  th e  s p r a y .  T h e  
m e th o d  p r o v e d  u n s u c c e s s fu l ,  p o s s ib ly  b e c a u s e  th e  d r o p le t s  o b ta in e d  
f r o m  th e  a t o m is e r  w e r e  to o  la r g e  a n d  s im p ly  f e l l  t h r o u g h  th e  fo g  w i th o u t
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a n y  a p p r e c ia b le  e f f e c t .  A t t e m p t s  to  o b ta in  s m a l l e r  d r o p le t s  f r o m  
th e  a t o m is e r  f a i l e d ,  a n d  th e  m e th o d  w a s  f i n a l l y  a b a n d o n e d . T h e  
p r e p a r a t io n  o f  w a te r  fo g s  c o n ta in in g  s u r fa c e  a c t iv e  a g e n ts  b y  u s in g  
a n  a q u e o u s  s o lu t io n  o f  s u r fa c e  a c t iv e  a g e n t in  th e  w a te r  v a p o u r  g e n e r a to r  
f l a s k  w a s  n o t  f e a s ib le  a s  th e  a g e n ts  w e r e  n o n - v o la t i l e .
H o w e v e r ,  th e  a d d i t io n  o f  s m a l l  a m o u n ts  o f  a m m o n ia  t o  th e  
w a t e r  in  th e  w a te r  v a p o u r  g e n e r a to r  f la s k  w a s  fo u n d  t o  g iv e  v e r y  
s ta b le  fo g  s y s te m s .  T a b le  5 s h o w s  t y p ic a l  v a lu e s  o f  th e  t im e s  r e q u i r e d  
f o r  a n  in c r e a s e  in  l i g h t  t r a n s m is s io n  f r o m  65%  to  85%  f o r  fo g s  
p r e p a r e d  f r o m  a  1% a m m o n ia  s o lu t io n ,  a n d  F ig .  13 g iv e s  a t y p i c a l  
l i g h t  t r a n s m is s io n  c u r v e  f o r  a  fo g  o f  t h is  t y p e .
( c )  D is c u s s io n
D u e  t o  th e  d i f f i c u l t i e s  e n c o u n te r e d  in  th e  p r e p a r a t io n  o f  
c o n ta m in a te d  w a te r  fo g s  b y  a c o n d e n s a t io n  m e th o d ,  fe w  q u a n t i t a t iv e  
r e s u l t s  c o u ld  b e  o b ta in e d .  T h e  a p p a r a tu s  in  S e c t io n  2 (b )  i s  d e s c r ib e d  
in  s o m e  d e t a i l  s in c e ,  t o  th e  b e s t  o f  th e  w r i t e r ’ s k n o w le d g e ,  n o  m e th o d  
f o r  th e  p r e p a r a t io n  ( u n d e r  c o n t r o l le d  c o n d i t io n s )  o f  p a u c id is p e r s e  
w a t e r  fo g s  h a s  p r e v io u s ly  b e e n  d e s c r ib e d .  A l l  f o r m e r  t y p e s  o f  
a p p a r a tu s  w e r e  d e s ig n e d  a n d  u s e d  f o r  th e  p r e p a r a t io n  o f  fo g s  f r o m  
l i q u id s  o f  lo w  v o l a t i l i t y  ( ( 3 0 ) ,  p .  2 6 1 ) ,
T h e  n u c le a t io n  t e s t s  (s e e  T a b le  4 )  s h o w e d  q u i te  c l e a r l y  
t h a t  s i l v e r  io d id e ,  i n  s p i te  o f  i t s  i n s o lu b i l i t y ,  g a v e  s m o k e  p a r t i c le s  
w h ic h  w e r e  q u i te  e f f i c ie n t  i n  th e  n u c le a t io n  o f  w a t e r  fo g  d r o p le t s .
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Table 5«
T i m e s  r e q u i r e d  f o r  a n  I n c r e a s e  i n  L i g h t  T r a n s m i s s i o n  f r o m  6 5 % - 8 5 $  
f o r  F o g s  o f  V a r i o u s  T y p e s o
F o g s  P r e p a i ' e d  f r o m  
T a p  W a t e r  
( m i n s * )
F o g s  P r e p a r e d  f r o m  
D i s t i l l e d  W a t e r  
( m i n s . )
— ---- ------ --- ■ ■— ..  ....... ...... ......— — ----- ,
i
F o g s  P r e p a r e d  f r o m  !
j
• 1 %  A m m o n i a  S o l u t i o n *  j
j
( m i n s . )  i
1 4 1 4 3 °
1 5 20 2 9
1 7 1 9 26
18 12 3 0
1 6 18 3 5
18 1 4 3 5
A v e r a g e * - 1 6 16 3 1
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L I G H T  T R A N S M I S S I O N P E R  C E N T .
A s  w a s  e x p e c te d ,  th e  s m o k e s  o b ta in e d  f r o m  th e  h ig h ly  h y g r o s c o p ic  
s a l t s  o f  m a g n e s iu m  x ^ e r c h lo ra te  a n d  c a lc iu m  c h lo r id e  p r o m o te d  
th e  n u c le a t io n  o f  w a te r  d r o p le t s  q u i te  r e a d i l y ,  a n d  t h e i r  n u c le a t io n  
e f f i c ie n c ie s  w e r e  s im i l a r *  S o d iu m  c h lo r id e  p a r t i c le s  w e r e  fo u n d  
to  p o s s e s s  e v e n  g r e a t e r  n u c le a t io n  p r o p e r t ie s  t h a n  c a lc iu m  c h lo r id e *
T h e  r e a s o n  f o r  t h i s  i s  n o t  q u i t e  u n d e r s to o d ,  a l th o u g h  i t  m a y  p o s s ib ly  
b e  d u e  t o  th e  fa ~ t  t h a t ,  o w in g  to  i t s  h ig h e r  v o l a t i l i t y  ( ( 5 1 ) ,  p .  112  e t  secy 
th e  s o d iu m  c h lo r id e  w a s  m o r e  r e a d i l y  d is p e r s e d  in to  f in e  p a r t i c le s  
w i t h  th e  h e a te d  c o i l  ( K  in  F ig .  8 ) th a n  w a s  th e  c a lc iu m  c h lo r id e .
T h is  w o u ld  e x p la in  th e  p r e s e n c e  o f  a  la r g e  n u m b e r  o f  w a te r  d r o p le t s  
p e r  u n i t  v o lu m e ,  a n d  a c c o u n t  f o r  th e  g r e a t e r  o p t ic a l  d e n s i t y  
a s s o c ia te d  w i t h  th e  fo g s  n u c le a te d  w i t h  s o d iu m  c h lo r id e .
T a b le  5 a n d  F ig ,  13 i l l u s t r a t e  th e  e n h a n c e d  s t a b i l i t y  
o f  a  w a te r  fo g  p r e p a r e d  f r o m  a 1% a m m o n ia  s o lu t io n .  A  p o s s ib le  
e x p la n a t io n  to  a c c o u n t  f o r  th e  in c r e a s e d  s t a b i l i t y  o f  th e  a m m o n ia  fo g s  
m ig h t  b e  fo u n d  b y  c o n s id e r a t io n  o f  th e  e le c t r o c h e m ic a l  p r o p e r t ie s  o f  
a m m o n ia  s o lu t io n s .  B e fo r e  c o n s id e r in g  a n y  s u c h  e l e c t r i c a l  
p h e n o m e n o n ,  h o w e v e r  , i t  i s  e s s e n t ia l  t o  p r e p a r e ,  a n d  to  s tu d y  th e  
s t a b i l i t y ,  o f  fo g s  o b ta in e d  f r o m  o th e r  e le c t r o l y t e s .  In  p a r t i c u l a r ,  
t h e  fo g s  s tu d ie d  s h o u ld  in c lu d e  s o m e  p r e p a r e d  f r o m  d i lu t e  s o lu t io n s  
o f  n o n - v o la t i l e  e le c t r o l y t e s ,  a s  t h e i r  v a p o u r  p r e s s u r e s  w i l l  b e  s i m i l a r  
t o  t h a t  o f  w a t e r .
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U n fo r t u n a t e ly ,  t h e  p r e p a r a t io n  o f  fo g s  c o n ta m in a te d  b y  
n o n - v o la t i l e  e le c t r o l y t e s  u s in g  a  c o n d e n s a t io n  m e th o d  w a s  n o t  
p o s s ib le  (s e e  S e c t io n  2 (b )  ) ,  a n d  f u r t h e r  e x p e r im e n ts  w i t h  th e  fo g  
g e n e r a to r  w e r e  t h e r e f o r e  a b a n d o n e d , a n d  th e  p r e p a r a t io n  o f  s u c h  
fo g s  b y  a  s p r a y in g  m e th o d  w a s  c o n s id e r e d  (s e e  S e c t io n s  3 ,  4  a n d  5 ) .
S E  C  T  I O  N  3.
S T U D IE S  O F  S P R A Y E D  F O G S  IN  A  
5 0 ,0 0 0  C U .  F T .  C H A M B E R
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(a )  R e a s o n s  f o r  P r e p a r in g  S p ra y e d  F o g s
(b )  A p p a r a tu s  a n d  E x p e r im e n t a l  T e c h n iq u e
( c )  M e a s u r e m e n ts  m a d e  o n  th e  P r o p e r t ie s  
o f  th e  F o g s
(d )  T e m p e r a t u r e  E f f e c t  o n  F o g  S t a b i l i t y
(e )  R e s u l t s
( f )  D is c u s s io n
S tu d ie s  o f  S p ra y e d  F o g s  in  a 5 0 ,0 0 0  C u .  F t#  C h a m b e r
(a )  R e a s o n s  f o r  P r e p a r in g  S p ra y e d  F o g s
T h e  ty p e  o f  fo g  o b ta in e d  w h e n  u s in g  a  c o n d e n s a t io n  
m e th o d ,  a n d  th e  d i f f i c u l t i e s  e n c o u n te r e d  in  th e  p r e p a r a t io n  o f  s u i t a b ly  
c o n ta m in a te d  fo g s ,  h a v e  b e e n  d e s c r ib e d  i n  S e c t io n s  1 a n d  2 , A s  a  
r e s u l t  o f  th e s e  d i f f i c u l t i e s  a n d  l i m i t a t i o n s ,  a t t e n t io n  w a s  d i r e c t e d  
t o  th e  p o s s i b i l i t y  o f  f o r m in g  fo g s  b y  a s p r a y in g  p r o c e s s .
I t  i s  k n o w n  ( ( 3 0 ) ,  p .  3 9 2 ) ( ( 5 2 ) ,  p .  7 0 3 )  t h a t  s p r a y e d  
d r o p le t s  p r e p a r e d  b y  th e  a t o m is a t io n  o f  l i q u id  w a te r  ( u n l ik e  th e  
d r o p le t s  p r o d u c e d  f r o m  a c o n d e n s a t io n  p r o c e s s  i n  th e  la b o r a t o r y )  p o s s e s s  
a  b r o a d  d r o p  s iz e  s p e c t r u m .  A s  n a t u r a l  fo g s  u s u a l l y  e x h ib i t  a  b r o a d  
d r o p  s iz e  d i s t r i b u t i o n  (s e e  G e n e r a l  I n t r o d u c t io n ) ,  a  s i m i l a r  d i s t r i b u t i o n  
i n  a r t i f i c i a l  fo g s  i s  a  m u c h  d e s i r e d  f e a t u r e .  F o r  t h i s  r e a s o n  th e  
p r e p a r a t io n  o f  a r t i f i c i a l  fo g s  b y  th e  a t o m is a t io n  o f  l i q u i d  w a te r  h a s  a
d i s t i n c t  a d v a n ta g e  o v e r  th e  c o n d e n s a t io n  m e th o d .
\ ^
W a te r  fo g s  c o n ta in in g  s m a l l  a m o u n ts  o f  n o n - v o la t i l e
e le c t r o l y t e s  a n d / o r  s u r fa c e  a c t iv e  a g e n ts ,  c a n  b e  p r e p a r e d  r e a d i l y  b y
a n  a t o m is a t io n  m e th o d ,  a s  k n o w n  c o n c e n t r a t io n s  o f  c o n ta m in a n ts  c a n
b e  in t r o d u c e d  in t o  th e  f o g - f o r m in g  w a t e r  p r i o r  t o  a t o m is a t io n .  T h e
v o lu m e  o f  w a te r  s p r a y e d  t o  p r o d u c e  a  g iv e n  fo g  c a n  b e  d e t e r m in e d ,
a n d  t h i s  w i l l  in d ic a te  th e  u p p e r  l i m i t  o f  th e  l i q u id  w a te r  c o n te n t  o f  th e
fo g .  T h e  a c tu a l  v a lu e  o f  th e  l i q u id  w a te r  c o n te n t  i n  a  s p r a y e d  fo g  w i l l
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p r o b a b ly  b e  v e r y  m u c h  le s s  th a n  t h a t  c a lc u la te d  f r o m  th e  w e ig h t  o f  
w a t e r  s p r a y e d ,  d u e  t o  th e  r a p id  f a l l  o u t  o f  th e  l a r g e r  s iz e d  d r o p le t s  
w h ic h  a r e  a lw a y s  p r e s e n t  i n  a n  a t o m is a t io n  p r o c e s s .
(b )  A p p a r a tu s  a n d  E x p e r im e n t a l  T e c h n iq u e
T h e  i n i t i a l  e x p e r im e n ts  o n  s p r a y e d  w a t e r  fo g s  w e r e  
c a r r i e d  o u t  i n  a n  e m p ty  b u i ld in g  ( o f  v o lu m e  a b o u t  5 0 ,0 0 0  c u .  f t . )  a t  
W o o lw ic h  A r s e n a l ;  F ig .  14 g iv e s  a  p la n  o f  th e  fo g  c h a m b e r .
In  v ie w  o f  th e  r e l a t i v e l y  la r g e  v o lu m e  o f  th e  fo g  c h a m b e r ,  
a n d  th e  c o n s e q u e n t  d i f f i c u l t y  o f  f i l l i n g  i t  w i t h  a  s ta b le  w a te r  fo g ,  a 
c o m m e r c ia l  s p r a y in g  m a c h in e  o f  th e  ty p e  u s e d  f o r  s p r a y in g  
in s e c t i c id e s  w a s  u s e d ,  A  s p r a y in g  m a c h in e  k n o w n  a s  th e  ’ T o d d  
I n s e c t i c id a l  .Fog A p p l i c a t o r *  ( T I F A )  w a s  k in d ly  lo a n e d  b y  T h e  L i s t e r -  
T o d d  E n g in e e r in g  C o r p o r a t io n  L t d .  , a n d  u s e d  in  a l l  t h e  e x p e r im e n ts  
in  th e  5 0 ,0 0 0  c u ,  f t .  c h a m b e r .
T h e  T I F A  m a c h in e  c o n s is te d  o f  a  6 h .  p .  p e t r o l  e n g in e  
w h ic h  p r o v id e d  th e  p o w e r  f o r  th e  a i r  b lo w e r  a n d  th e  w a te r  p u m p .  T h e  
w a te r  t o  b e  s p r a y e d  w a s  f i r s t  a to m is e d  m e c h a n ic a l ly  a n d  th e n  
in t r o d u c e d  in t o  a  b la s t  o f  h o t  a i r .  T h e  p a r t i c l e  s iz e  o f  th e  fo g  w a s  
c o n t r o l l e d  b y  c h a n g in g  th e  r a t e  o f  f lo w  o f  w a te r  t h r o u g h  th e  ’ p a r t i c l e  
s iz e  s e le c t o r  v a lv e 1. M o s t  o f  th e  fo g s  w e r e  p r e p a r e d  w i t h  th e  p a r t i c l e  
s iz e  s e le c t o r  v a lv e  p la c e d  a t  a  s e t t in g  c o r r e s p o n d in g  t o  a  20 -  30  
m ic r o n  n o m in a l  d ia m e t e r  r a n g e .  T h e  f  -  1 m ic r b n ,  a n d  th e  90  -  1 2 0  
m ic r o n  n o m in a l  d ia m e t e r  r a n g e s ,  c o r r e s p o n d in g  t o  th e  lo w e r  a n d  u p p e r
- - 6 3 -
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l i m i t s  o f  p a r t i c le  s iz e  r a n g e  o b ta in a b le  w i t h  th e  m a c h in e ,  w e r e  a ls o
V
u s e d .  T h e s e  n o m in a l  s iz e  r a n g e s  r e p r e s e n t e d  v e r y  a p p r o x im a t e ly  
t h e  m a s s  m e d ia n  d ia m e t e r s  o f  t h e  p a r t i c le s  s p r a y e d  w h e n  th e  h o t - a i r  
b la s t  w a s  u s e d  f o r  a t o m is a t io n .  A s  th e  p a r t i c l e  s iz e  s e le c t o r  v a lv e  
a ls o  c o n t r o l le d  th e  a m o u n t  o f  w a te r  s p r a y e d ,  th e  la r g e s t  p a r t i c l e  s iz e  
s e t t in g  a ls o  c o r r e s p o n d e d  t o  th e  fo g  w i t h  th e  g r e a t e s t  l i q u id  w a te i^  
c o n te n t .  T h e  r a te  o f  w a te r  s p r a y e d  a t  th e  v a r io u s  p a r t i c le  s iz e  
s e t t in g s  w a s  d e t e r m in e d ,  a n d  th e  r e s u l t s  a r e  s h o w n  g r a p h ic a l l y  in  
F ig .  1 5 .
A  s t r e a m  o f  a i r  a t  a  p r e s s u r e  o f  3 -  4  lb .  p e r  s q .  i n . ,  
w a s  o b ta in e d  f r o m  a  c o n v e n t io n a l  a i r  b lo w e r  f i t t e d  to  th e  m a c h in e ,  
a n d  w a s  th e n  p a s s e d  in t o  a  p e t r o l - i g n i t e d  c o m b u s t io n  c h a m b e r  t o  g iv e  
a  h o t - a i r  b la s t  w i t h  a t e m p e r a t u r e  o f  900  -  1 1 0 0 ° F .  T h e  w a te r  t o  
b e  s p r a y e d  w a s  p u m p e d  a t  a  p r e s s u r e  o f  25  lb .  p e r  s q .  in .  t o  th e  
o u t le t  e n d  o f  th e  d i s t r i b u t i o n  h e a d  w h ic h  c o n ta in e d  a s te e l  c u p  in to  
w h ic h  th e  w a te r  w a s  in je c t e d .  A  s m a l l  p r o p o r t io n  o f  th e  h o t - a i r  b la s t  
f r o m  th e  c o m b u s t io n  c h a m b e r  e n te r e d  th e  c u p  t h r o u g h  s i x  t a n g e n t ia l  
h o le s  in  i t s  b a s e  a n d  p a r t l y  a to m is e d  th e  w a t e r ,  w h i l s t  th e  m a in  h o t -  
a i r  b la s t  e s c a p e d  a r o u n d  th e  o u ts id e  o f  th e  c u p  a n d  c o m p le te d  th e  
p r o c e s s  o f  a t o m is a t io n .  F o r  f u r t h e r  d e t a i ls  o f  th e  T I F A  m a c h in e ,  
s e e  r e f e r e n c e  ( 5 3 ) .
T h e  e x p e r im e n ts  w e r e  c a r r i e d  o u t  o v e r  a  p e r io d  o f  7 
m o n th s ,  w h e n  th e  a m b ie n t  t e m p e r a t u r e  v a r ie d  f r o m  4 2 ° F .  t o  7 6 ° F .
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In order to obtain fogs which were fairly reproducible from d W
t o  d a y ,  a n d  u n d e r  a l l  w e a th e r  c o n d i t io n s ,  th e  w a l l s  a n d  c e i l i n g  o f  
th e  e n c lo s u r e  w e r e  h o s e d  w i t h  w a te r  f o r  a p e r io d  o f  h a l f - a n - h o u r ,  u s in g  
a  r a t e  o f  h o s in g  o f  2 0  -  25  g a l lo n s  p e r  m in u t e .  T h is  h o s in g  p r o c e d u r e  
e n a b le d  th e  a tm o s p h e r e  in  th e  e n c lo s u r e  to  b e c o m e  s a t u r a te d ,  o r  
n e a r l y  s a tu r a te d ,  w i t h  w a t e r  v a p o u r ,  a n d  e n s u r e d  t h a t  th e  r e la t i v e  
h u m id i t y  w a s  a t  le a s t  95%  p r i o r  t o  th e  ’ fo g g in g *  e x p e r im e n ts .
T h e  c o ld  a i r  a t o m is a t io n  m e th o d  a lw a y s  le d  t o  u n s ta b le  
m is t s  w i t h  v e r y  la r g e  d r o p le t s  w h ic h  s o o n  s e t t le d  o u t ,  e v e n  w i t h  th e  
p a r t i c l e - s i z e  s e le c t o r  v a lv e  s e t  a t  th e  s m a l l  s iz e  r a n g e .  F o r  t h i s  
r e a s o n ,  th e  h o t - a i r  a t o m is a t io n  m e th o d  w a s  a lw a y s  u s e d ,  a s  t h i s  
in c r e a s e d  th e  e f f i c ie n c y  o f  a t o m is a t io n  a n d  g a v e  r e l a t i v e l y  s ta b le  
fo g s .  ' •* ''
T h e  a b o v e  p r o c e d u r e  w a s  u s e d  t o  p r e p a r e  fo g s  f r o m  
p la in  w a te r  a n d  f r o m  s o lu t io n s  o f  s u r fa c e  a c t iv e  a g e n ts .  A  s y s t e m a t ic  
s tu d y  w a s  m a d e  o f  th e  v a r ia t i o n s  in  v i s i b i l i t y  a n d  t e m p e r a t u r e  in  
s u c h  fo g s  d u r in g  th e  b u i ld - u p  a n d  th e  d e c a y  p e r io d s *  B e c a u s e  o f  th e  
la c k  o f  e l e c t r i c a l  p o w e r  s u p p l ie s  a t  th e  fo g  c h a m b e r ,  n o  a b s o lu te  
v i s i b i l i t y  m e a s u r e m e n ts  ( w i t h  a  p h o t o e le c t r ic  t r a n s m is s o m e t e r )  c o u ld  
b e  m a d e .  In  v ie w  o f  t h i s ,  a l l  v i s i b i l i t y  m e a s u r e m e n ts  w e r e  m a d e  b y  
o b s e r v in g  w h i t e  s q u a r e s  p la c e d  a g a in s t  th e  d a r k  b a c k g ro u n d s  o f  
g i r d e r s  a n d  r o o f  t r u s s e s .  .F iv e  w h i t e  v i s i b i l i t y  b o a r d s  ( m a r k e d  A ,
B ,  C ,  D  a n d  E  i n  F ig .  1 4 ) ,  m e a s u r in g  1 f t ,  s q u a r e ,  w e r e  s e t  u p  a lo n g  
th e  m id d le  o f  th e  e n c lo s u r e  a n d  o th e r s  w e r e  p la c e d  a lo n g
t h e  w a l l  o f  th e  b u i ld in g  a t  r e g u la r  d is ta n c e s .  A  s u i t a b le  v i s i b i l i t y  
c o d e  in d e x  w a s  d e v is e d  (s e e  T a b le  6 ) s o  t h a t  th e  s t a b i l i t y  a n d  d e c a y  
o f  th e  v a r io u s  fo g s  c o u ld  b e  c o m p a r e d *
T h e  o b s e r v e r  s to o d  a t  a  f ix e d  p o s i t io n  in  th e  b u i ld in g  
(s e e  F ig i  1 4 ) ,  a n d  n o te d  th e  t im e  ta k e n  f o r  th e  v a r io u s  v i s i b i l i t y  
b o a r d s  a n d  m a r k e d  t r u s s e s  t o  e i t h e r  j u s t  d is a p p e a r  o r  j u s t  a p p e a r ,  
d e p e n d in g  o n  w h e th e r  th e  fo g  w a s  b u i ld in g  u p  o r  d e c a y in g .  A l l  th e  
fo g s  w e r e  b u i l t  u p  t o  a  s ta n d a r d  o p a c i t y  c o r r e s p o n d in g  t o  a  v i s i b i l i t y  
in d e x  o f  a b o u t 1 1 . D u r in g  a l l  t h e  e x p e r im e n ts ,  m e a s u r e m e n ts  o f  
v i s i b i l i t y  a n d  r e la t i v e  h u m id i t y  w e r e  ta k e n  a t  f r e q u e n t  i n t e r v a l s ,  th e  
r e la t i v e  h u m id i t y  b e in g  m e a s u r e d  w i t h  a  s ta n d a r d  w h i r l i n g  ’ w e t ’ a n d  
’ d r y *  b u lb  p s y c h r o m e t e r .
T h e  o n ly  w a te r  a v a i la b le ,  b o th  f o r  th e  h o s in g  o f  th e  
e n c lo s u r e ,  a n d  f o r  th e  p r e p a r a t io n  o f  f o g s ,  w a s  h y d r a n t  w a t e r ,  w h ic h  
w a s  p u m p e d  f r o m  th e  r i v e r  T h a m e s *  A l l  th e  fo g s  p r e p a r e d  w i t h  th e  
h y d r a n t  w a te r  a r e  d e s c r ib e d  in  th e  t e x t  a s  ’p la in  w a t e r ’ f o g s ,  w h e r e a s  
th e  c o n ta m in a te d  w a t e r  fo g s  w e r e  p r e p a r e d  f r o m  h y d r a n t  w a te r  t o  
w h ic h  h a d  b e e n  a d d e d  k n o w n  a m o u n ts  o f  a  s u r fa c e  a c t iv e  a g e n t .
T h e  n a t u r e  a n d  c o n c e n t r a t io n  o f  t h e  s u r fa c e  a c t iv e  a g e n t  
a d d e d  to  th e  f o g - f o r m in g  w a t e r  w e r e  v a r ie d ,  a n d  th e  e f fe c ts  o f  th e s e  
v a r ia t io n s  o n  th e  s t a b i l i t y  o f  th e  fo g s  w e r e  s tu d ie d .  T h e  a g e n ts  u s e d  
W e rb  s t e a r y l  d im e t h y l  b e n z y l  a m m o n iu m  c h lo r id e  ( S . D . M . B . A . C . )  -  a  
c a t io n ic  s u r fa c e  a c t iv e  a g e n t ,  ’ L . is s a p o l*  (a h  a lk y la t e d  p h e n o l e th y le n e
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V i s i b i l i t y  C o d e  I n d e x  f o r  u s e  i n  5 0 ? 0 0 0  o u . f t #  F o g  C h a m b e r #
V i s i b i l i t y  u n d e r \ C o n d i t i o n s  o f  O b s e r v a t i o n  
i n  E n c l o s u r e #  ( s e e  F i g #  1 4 # )
H o  f o g
S l i g h t  f o g  w i t h * a l l  p a r t s  o f  t h e  e n c l o s u r e  v i s i b l e  
S l i g h t  f o g  w i t h  s o m e  p a r t s  o f  t h e  e n c l o s u r e  i n v i s i b l e  
1 s t «  m a r k e d  t r u s s  j u s t  v i s i b l e  ( s e e  F i g #  1 4 )
2n d .  m a r k e d  t r u s s  j u s t  v i s i b l e  .
S q u a r e  A  ( a t .  6 0 ‘  f t #  d i s t a n c e )  j u s t  v i s i b l e
S q u a r e  B  ( a t  5 0  f t #  d i s t a n c e )  j u s t  v i s i b l e
3 r d #  m a r k e d  t r u s s  j u s t  v i s i b l e  ,
S q u a r e  C  ( a t  40  f t *  d i s t a n c e )  j u s t  v i s i b l e
S q u a r e  D  ( a t  3 0 * f t « . d i s t a n c e )  j u s t  v i s i b l e
1 0  '# #  # o  0 o  #  #  0 4 t h o  m a r k e d  t r u s s  j u s t  v i s i b l e  _
1 1  . o o o c o o p  S q u a r e  E  ( a t  2 0  f t #  d i s t a n c e ) j u s t  v i s i b l e
1 2  « o o . # » # o  5 t h *  m a r k e d  t r u s s  j u s t  v i s i b l e
1 3  # #  # . # . , # # #  V i s i b i l i t y  v i r t u a l l y  n i l
■ t / , - . - . ■" - .
■ ■ *     ■-------------«--- u +*—    .<  .... .
O O O t 0 t O OO
o x id e  c o n d e n s a te  o f  th e  n o n - io n ic  t y p e )  a n d  ’ T e e p o l ’ (a  s o d iu m  h ig h e r  
a l k y l  s u lp h a te  o f  th e  a n io n ic  t y p e ) .  T o  a s s e s s  f u l l y  a n y  e f fe c t  th e  
s u r fa c e  a c t iv e  m a t e r i a l s  h a d  o n  th e  s t a b i l i t y  o f  a  fo g ,  i t  w a s  fo u n d  
n e c e s s a r y  t o  c o m p a r e  th e  s t a b i l i t y  o f  a  c o n ta m in a te d  fo g  w i t h  t h a t  o f  
a  p la in  w a te r  fo g  p r o d u c e d  o n  th e  s a m e  d a y ,  w h e n  o u ts id e  t e m p e r a t u r e  
a n d  h u m id i t y  c o n d i t io n s  w e r e  s i m i l a r .  T h e  p la in  w a t e r  fo g s  w e r e  \ 
a lw a y s  r e g a r d e d  a s  th e  s ta n d a r d  w i t h  w h ic h  a l l  o t h e r  t y p e s  o f  fo g s  
w e r e  c o m p a r e d .
( c )  M e a s u r e m e n ts  m a d e  o n  th e  P r o p e r t ie s  o f  th e  F o g s  
T h e  f o l lo w in g  p r o p e r t ie s  w e r e  s t u d ie d : -  .
( i )  / D r o p  s iz e  d i s t r i b u t i o n ,
( i i )  C o m p o s i t io n  o f  th e  f o g - f o r m in g  w a t e r ,  : 
a n d  ( i i i )  S t a b i l i t y  o f  th e  fo g .
( i )  D r o p  S iz e  D is t r i b u t i o n  
S a m p le s  o f  th e  d r o p le t s  in  th e  v a r io u s  fo g s  w e r e  ta k e n  
b y  e x p o s in g  g la s s  s l id e s  c o a te d  w i t h  l i q u id  p a r a f f i n ,  ’S p i r a x  2 3 0 * g e a r  
o i l  a n d  s o o t ,  t o  th e  fo g  e n v i r o n m e n t .  G la s s  m ic r o s c o p e  s l id e s  
m e a s u r in g  a b o u t  2 c m .  s q u a r e  a n d  c o a te d  w i t h  th e  a p p r o p r ia t e  h y d r o -  
p h o b ic  m a t e r i a l  w e r e  p la c e d  in  th e  fo g  a f t e r  c e s s a t io n  o f  s p r a y in g .
I t  w a s  fo u n d  c o n v e n ie n t  to  r e s t  th e  s lid e is  o n  s m a l l  b o x e s  p la c e d  a r o u n d  
th e  f l o o r  o f  th e  fo g  c h a m b e r  a t  a  h e ig h t ,  o f  1 -  2  f t .  a b o v e  th e  g r o u n d .  
A d v a n ta g e s  a n d  l im i t a t i o n s  o f  t h i s  ’ c a p t u r e - i n - o i l *  m e th o d  f o r  s a m p l in g  
fo g  d r o p le t s  a r e  d is c u s s e d  in  P a r t  I ,  S e c t io n  1 (b ) .
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T h e  c o a te d  s l id e s  w e r e  p la c e d  in  th e  fo g  a t  i n t e r v a l s  
o f  5 , 1 0 , 15 a n d  2 0  m in u te s  a f t e r  c e s s a t io n  o f  s p r a y in g ,  a n d  e x p o s e d  
f o r  s e v e r a l  m in u t e s ,  a f t e r  w h ic h  t h e y  w e r e  t r a n s f e r r e d  t o  th e  s ta g e  
o f  a n  o p t ic a l  m ic r o s c o p e  w h e r e  th e  d r o p le t s  w e r e  s iz e d  a n d  c o u n te d .
I t  w a s  fo u n d  e s s e n t ia l  t o  c a r r y  o u t  th e  m ic r o s c o p i c a l  c o u n t in g  a n d  
s iz in g  in s id e  th e  fo g  c h a m b e r  w h e r e  th e  h u m id i t y  w a s  1 0 0 % , a s  t h i s  
t h e n  l i m i t e d  th e  a m o u n t  o f  e v a p o r a t io n  o f  th e  e n t r a p p e d  d r o p le t s  t o  
a  m in im u m *  M ic r o s c o p ic a l  m e a s u r e m e n ts  ta k e n  v i s u a l l y  i n  t h i s  
m a n n e r  w e r e  d i f f i c u l t ,  c h i e f l y  b e c a u s e  o f  th e  la r g e  l i g h t  a t te n u a t io n  
c a u s e d  b y  th e  s u r r o u n d in g  fo g ,  a n d  th e  c o n d e n s a t io n  o f  w a te r  o n  th e  
le n s  a n d  m i r r o r  s u r fa c e s  o f  th e  m ic r o s c o p e *  T h e  ’ s t e a m in g - u p 1 o f  
th e  o p t ic a l  s y s te m ,w a s  l a r g e ly  o v e r c o m e  b y  c o a t in g  a l l  th e  g la s s  a n d  
m i r r o r  s u r fa c e s  o f  th e  m ic r o s c o p e  w i t h  a  c o m m e r c ia l  ^ a n t i - m is t ’ 
s o lu t io n .
I n i t i a l l y  th e  fo g  d r o p le t s  o n  th e  e x p o s e d  s l id e s  w e r e  
s iz e d  b y  m a k in g  r a p id  t r a v e r s e s  a c r o s s  th e  s l id e  a n d  v ie w in g  th e  
d r o p le t s  a g a in s t  a  c a l ib r a t e d  e y e p ie c e  f i t t e d  t o  th e  m ic r o s c o p e .
U s u a l ly  150  -  2 0 0  d r o p le t s  w e r e  c o u n te d  in  t h i s  m a n n e r  o n  e a c h  s l i d e ,  
a f t e r  w h ic h  s h r in k a g e  o f  d r o p le t s  d u e  t o  e v a p o r a t io n  b e c a m e  a p p a r e n t .
F ig .  16 i l l u s t r a t e s  t y p i c a l  n u m b e r  d i s t r i b u t i o n  c u r v e s  
o b ta in e d  f r o m  th e  d i r e c t  m ic r o s c o p i c a l  m e a s u r e m e n ts  o f  d r o p le t s  
e n t r a p p e d  o n  b o th  l i q u id  p a r a f f i n ,  a n d  s o o t  c o v e r e d  s l id e s .  B o th  s l id e s  
w e r e  e x p o s e d  t o  th e  s a m e  p la in  w a te r  fo g  ( s p r a y e d  w i t h  th e  p a r t i c l e - s i z e
RELATIVE NUMBER FREQUENCY —  PER CENT
s e le c t o r  v a lv e  s e t  a t  th e  \  -  1 m ic r o n  d ia m e t e r  r a n g e ) ,  5 m in u te s  
a f t e r  c e s s a t io n  o f  s p r a y in g .
F ig .  17 s h o w s  a  t y p i c a l  m a s s  d i s t r i b u t i o n  o f  fo g  d r o p le t s  
in  th e  s a m e  fo g ,  w h ic h  h a d  d e c a y e d  to  g iv e  a  v is u a l  r a n g e  o f  a b o u t  
60 f t .  T h e  m a s s  d i s t r i b u t i o n  w a s  o b ta in e d  f r o m  th e  n u m b e r  
d i s t r i b u t i o n ,  u s in g  th e  r e l a t i o n : -
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w h e r e  M  is  th e  m a s s  o f  a  d r o p le t  f o r  a  g iv e n  d ia m e t e r  D .
T h e  m a s s  d i s t r i b u t i o n  c u r v e  in  F ig .  17 in d ic a te s  t h a t  th e
fo g  w a s  p a u c id is p e r s e ,  a n d  t h a t  th e  g r e a t e s t  c o n t r ib u t io n  t o  l i q u id
w a te r  c o n te n t  w a s  f r o m  d r o p le t s  i n  th e  6 - 7  m ic r o n  d ia m e t e r  r a n g e .
A s  th e  v i s i b i l i t y  o f  th e  fo g  w a s  k n o w n ,  th e  l i q u id  w a t e r  c o n te n t  c o u ld
b e  c o m p u te d  f r o m  T r a b e r t ’ s  e m p i r i c a l  r e la t i o n  ( P a r t  1, S e c t io n  1 (d )  ) .
i . e .  W  = C D
V
W h e re  W  is  th e  l i q u i d  w a te r  c o n te n t  in  g m .  / c u b ic  m e t r e ,
D  i s  th e  p r e d o m in a n t  d ia m e te r  o f  d r o p le t s  in  m ic r o n s ,  
V  i s  th e  v is u a l  r a n g e  in  m e t r e s ,  
a n d  C is  a c o n s ta n t  h a v in g  a  v a lu e  o f  a b o u t  t h r e e .
F r o m  m e a s u r e m e n ts  i n  th e  a b o v e  fo g  (s e e  F ig ,  1 7 ) ,  D  
h a s  a v a lu e  o f  6 . 8 m ic r o n s ,  a n d  V  h a s  a  v a lu e  o f  a b o u t  20  m e t r e s .  
T h u s  th e  l i q u id  w a te r  c o n te n t  W  o f  th e  fo g  u s in g  th e  T r a b e r t  r e la t i o n  
w a s  o f  th e  o r d e r  o f  1 , 0  g m . / c u b i c  m e t r e .  L i t t l e  im p o r t a n c e  c a n  b e
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a t ta c h e d  t o  th e  a c tu a l  v a lu e  f o r  th e  l i q u id  w a t e r  c o n te n t ,  b u t  th e  
v a lu e  i s  o f  th e  e x p e c te d  o r d e r .
F o r  r e a s o n s  q u o te d  e a r l i e r ,  th e  d i r e c t  s iz in g  o f  fo g  
d r o p le t s  u n d e r  th e  m ic r o s c o p e  w a s  n o t  v e r y , s a t i s f a c t o r y .  In  v ie w  
o f  t h i s ,  i t  w a s  d e c id e d  to  ta k e  p h o to m ic r o g r a p h s  o f  d r o p le t s  d e p o s ite d  
o n  th e  s l id e s  a s  t h is  p e r m i t t e d  a  m o r e  d e ta i le d  a n d  a c c u r a te  s iz e  
a n a ly s is  o f  th e  d r o p le t s  t o  b e  m a d e .  S l id e s  c o a te d  w i t h  ’ S p i r a x  2 3 0 ? 
g e a r  o i l  w e r e  n e a r l y  a lw a y s  u s e d  f o r  s a m p l in g  th e  d r o p le t s  w h e n  
p h o to m ic r o g r a p h s  w e r e  t o  b e  t a k e n ,  a s  g o o d  p h o to g r a p h ic  c o n t r a s t  
c o u ld  b e  th e n  o b ta in e d  b e tw e e n  th e  w a te r  d r o p le t s  a n d  th e  s u r r o u n d in g  
o i l  ( P a r t  I ,  S e c t io n  1 (b )  ) .  A s  s h o r t - t im e  e x p o s u r e s  w e r e  f a v o u r e d  
f o r  p h o to g r a p h in g  th e  d e p o s ite d  d r o p le t s ,  i t  w a s  fo u n d  d e s i r a b le  t o  
u s e  a  s ta n d a r d  p h o to g r a p h ic  f la s h  b u lb ,  a n d  t o  m a k e  th e  e x p o s u r e s  
o n  f a s t  I l f o r d  H .P .3  p la te s .
F i g .  18 s h o w s  t y p i c a l  p h o to m ic r o g r a p h s  o f  fo g  d r o p le t s  
d e p o s ite d  o n  a  ’ S p ir a x *  o i l - c o a t e d  s l id e  ( F ig .  1 8 A ) ,  a n d  o n  a  s o o t -  
c o a te d  s l id e  ( F ig ,  1 8 B ) ,  B o th  p h o to m ic r o g r a p h s  a r e  f o r  a  fo g  
s p r a y e d  w i t h  th e  p a r t i c l e - s i z e  s e le c t o r  v a lv e  s e t  f o r  th e  20  -  30  
m ic r o n  d ia m e t e r  r a n g e ,  and. w e r e  ta k e n  1 0  m in u te s  a f t e r  c e s s a t io n  
o f  s p r a y in g ,  w h e n  th e  v i s i b i l i t y  i n  th e  fo g  w a s  a b o u t  18  fe e t .
F i g .  19  g iv e s  th e  n u m b e r  d i s t r i b u t i o n  c a lc u la te d  f r o m  th e  
p h o to m ic r o g r a p h  s h o w n  in  F ig .  1 8 A ,  T h e  d r o p le t s  w e r e  m e a s u r e d  
b y  p r o je c t in g  a n  e n la r g e d  im a g e  o f  th e  p h o to m ic r o g r a p h  n e g a t iv e  o n
F I G .  1 8 .
SAMPLES OF  FOG DROPLETS TAKEN IO MIN.  AFTER 
CE SSAT I ON  OF  SPRAYING.
A.
IOO
r
B.
IOO
r
A. O I L ED SLIDE. B. S O O T - C O A T  ED SLIDE.
t o  a s c r e e n  r u le d  i n  m m .  s q u a r e s .  T h e  d r o p  s iz e  d i s t r i b u t i o n  ’ 
s h o w n  in  F ig .  19  w a s  o b ta in e d  b y  c o u n t in g  a b o u t  7 0 0  d r o p le t s  in  ' 
t h i s  m a n i ie r  (s e e  T a b le  7 ) .
D u r in g  th e  i n i t i a l  b u i ld - u p  o f  th e  fo g s ,  a n d  a ls o  w h e n  th e  
fo g s  h a d  d e c a y e d  t o  a v i s i b i l i t y  in d e x ;o f  a b o u t 3 - 6  (s e e  T a b le  6 ) ,  
d i f f u s e  c o r o n a  r in g s  w e r e  s e e n  ( P a r t  I ,  S e c t io n  1 (b )  ) w h e n  a  s m a l l  
l i g h t  s o u r c e  w a s  o b s e r v e d  a x i a l l y  t h r o u g h  th e  fo g .  T h e  c o r o n a  
r in g s  w e r e  n e v e r  s u f f i c ie n t l y  s h a r p  t o  p e r m i t  m e a s u r e m e n ts  o f  
t h e i r  a n g u la r  r a d i i  t o  b e  m a d e ,  a n d  h e n c e  t h is  m e th o d  f o r  
d e t e r m in in g  th e  d r o p  s iz e  p r e s e n t  in  th e  fo g  w a s  n o t  u s e d ,
( i i )  C o m p o s i t io n  o f  th e  g 'o g - F o r m in g  W a te r  
A s  w a s  p r e v io u s ly  s ta te d ,  a l l  th e  fo g s  s tu d ie d  in  th e  5 0 ,0 0 0  
c u .  f t .  c h a m b e r  w e r e  m a d e  f r o m  h y d r a n t  w a t e r .  D u r in g  th e  c o u r s e  
o f  th e  fo g  e x p e r im e n t s ,  s e v e r a l  s a m p le s  o f  th e  h y d r a n t  w a te r  w e r e  
a n a ly s e d  in  o r d e r  t o  e s t im a t e  th e  d e g re e  o f  p o l lu t i o n  o f  th e  w a t e r .
S a m p le s  o f  th e  f o g - la d e n  a i r  w e r e  ta k e n  b y  m e m b e r s  o f  th e  
F u e l  R e s e a r c h  S ta t io n  ( D . S . I . R . ) ,  G r e e n w ic h ,  a n d  a n a ly s e d  f o r  
c a r b o n  d io x id e  a n d  c a r b o n  m o n o x id e  c o n te n t .  R e s u l t s  o f  th e  w a te r  -  
a n d  a i r  -  a n a ly s e s  a r e  l i s t e d  in  T a b le  8 , a n d  r e p r e s e n t  th e  a v e r a g e  
v a lu e s  f r o m  a  n u m b e r  o f  d e t e r m in a t io n s .
T h e  r e s u l t s  ( s e e  T a b le  8 ) s h o w  t h a t  th e  f o g - f o r m in g  w a te r  
h a d  a n  e x c e p t io n a l ly  h ig h  s p e c i f i c  c o n d u c t i v i t y ,  a n d  e q u iv a le n t  t o  t h a t  
o f  a p p r o x im a t e ly  10 N  S u li> h u r ic  a c id .  T h is  m u s t  b e  b o r n e  in  m in d .
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T a b l e  7 ,
D i s t r i b u t i o n  o f  t h e  D i a m e t e r s  o f  F o g  D r o p l e t s  m a d e
f r o m  a  P h o t o m i c r o g r a p h  C o u n t .  ( F i g .  1 8 A )
>
N o .  o f  C o u n t s
P r o j e c t e d
S i z e ,
( D i a ,  -  m m s o )
i i »-m r. .■ ____..__
T r u e  s i z e  
( D i a m e t e r  -
m i c r o n s , )
$  o f  T o t a l  
N o ,  o f  C o u n t s ,
8 9 1 . 0 1 * 2 1 2 . 8 8
1 6 8 2 . 0 2 . 4 2 4 . 3 1
15.8 3 . 0 3 . 6 2 2 , 8 6
1 0 5 4 . 0 4 . 8 1 5 . 1 7
64 5 . 0 6 . 0 9 . 2 6
3 0 6 , 0 7 . 2 4 . 3 4 '  .
3 0 - 7 . 0 8 . 4 4 » 3 4
20 8 . 0 9 . 6 2 . 8 9
6 9 . 0 1 0 . 8 0 . 8 6
9 1 0 . 0 1 2 . 0 , 1 . 3 0
2 11.0 1 3 . 2 . 0 . 2 8
3 1 2 . 0 1 4 . 4 0 . 4 3
1 1 3 o 0 1 5 . 6 0 . 1 4
2 1 5 . 0 1 8 . 0 0 . 2 8
2 1 6 , 0 1 9 . 2 0 . 2 8
1 1 7 . 0 2 0 . 4 0 . 1 4
1 2 0 , 0 2 4 . O 0 , 1 4
I -  6 9 1
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T a b l e  8.
R e s u l t s  o f  t h e  A n a l y s i s  o f  t h e  F o g - F o r m i n g  W a t e r ,
P r o p e r t y  M e a s u r e d . A v e r a g e  V a l u e . A p p a r a t u s  o r  M e t h o d  U s e d J
. - :i
S p e c i f i c  C o n d u c t i v i t y 4 o 2 x l 0 ~ ^ o h m s  ^ c m 0 ~ ^
....................................... ....................~vj
I
1
j]
C o n v e n t i o n a l  A . C  B r i d g e  j
i
"►j
p H 7 . 6 L o v i b o n d  C o m p a r a t o r  j
D e g r e e  o f  T o t a l  H a r d n e s s 1 4 . 9  ( p a r t s  o f  C a C o ^  
p e r  1 0 4 o f  H g O )
T i t r a t i o n  a g a i n s t  a  
S t a n d a r d  W a n k l y n ' s  S o a p  ; 
S o l u t i o n . ,
D i s s o l v e d  S o l i d  C o n t e n t 2 , 7 5  g m , / l i t r e E v a p o r a t i o n  o f  f i l t e r e d
W a t e r  j
S u s p e n d e d  M a t t e r  C o n t e n t 0 . 7  g m . / l i t r e
ill' rt .......*. . t.J '•»»—
S o l u t i o n .  1 
F i l t r a t i o n .
i
R e s u l t s  o f  t h e  A n a l y s i s  m a d e  o n  t h e  F o g - l a d e n  A i r .
—  ' '* - .............. .............  ......................... 1
• • ' G a s  C o n t e n t , A v e r a g e  V a l u e ,
C a r b o n  D i o x i d e 0 , 2 2 $
C a r b o n  M o n o x i d e 0 . 0 4 $
as uncontam inated fogs p repa red  from  d is t i l le d  w ate r a re  l ik e ly  
to  possess  d iffe ren t s ta b il ity  c h a ra c te r is t ic s  from  the fogs p repa red  
from  hydrant w ate r. Un fo rtuna te ly  la rg e  quan tit ie s  of tap w ate r 
o r d is t i l le d  w ate r w e re  not a v a ila b le  fo r the p rep a ra t io n  of the fogs, 
w ith  the re su lt  that no s ta b il ity  com pa rison s  cou ld  be made w ith  
pure w ate r fogs, in  the expe rim en ts  d esc r ib ed  in  the p resen t Section . 
T h is  question  is ,  how ever, re con s id e red  in  the lig h t of la te r  w o rk  
in  Section  5. r ;
( i i i)  S ta b ility  of the Fog
A s  d e sc r ib ed  in  Section  3(b), a sy s tem a tic  study was made 
of the v is ib i l i t y  in  m ore  than 150 fogs of v a r io u s  types in  o rd e r to 
a sse ss  th e ir  re la t iv e  s ta b il it ie s .  A H  the fogs d iscu ssed  in  th is  S u b -  
Section  w ere p repa red  w ith  the p a r t ic le - s iz e  se le c to r  va lve  of the 
T I F A  m ach ine set fo r the nom ina l d rop le t d iam e te r range o f 20 -  30 
m ic ro n  (see F ig ,  15)* A s  a m easu re  of s ta b ility ,  i t  was found 
conven ient to re co rd  the t im e  taken fo r  the contam inated and un* 
contam inated fogs to  decay  by  a fixed  amount. The t im e  taken fo r 
the fogs to  in c re a se  th e ir  v is ib i l i t y  from  30 to 60 ft, ( i.e .  v is ib i l i t y  
index of 9 -  5 . ,  see T ab le  6) under the cond itions observed  in  t  he 
en c lo su re  was found to be m ost su itab le .
The su rfa ce  a c tive  agents in troduced  in to the fo g -fo rm ing  
w a te r inc luded  ’Teepol* (an ion ic type); ’U is s a p o l1 (non -ion ic  type) and 
S .D .M .B .A .C , (ca tion ic  type). The amount of each type of su rfa ce
a c tive  agent added to the fo g -fo rm in g  w ate r was v a r ie d  over a 
concen tra tion  range of 0, 5 -  225 p a rts  per m il l io n ,
(d) T em pe ra tu re  E ffe c t on Fog  S ta b ility
E xp e r im e n ts  on the th e rm a l d isp e rs io n  o f fog w ere  made 
by b low ing  hot a ir  from  the T I F A  m ach ine. A  ty p ic a l run  is  
d e sc r ib ed  be low ,
A  fog p roduced b y  sp ra y in g  w ith  the T I F A  m ach ine  fo r 
20 m inu tes (16, 5 se tting  on the a rb it r a r y  s ca le  o f the m ach ine , 
see F ig ,  15) gave a v is ib i l i t y  of 15 feet under the cond itions of 
ob se rva tion  in  the cham ber. Hot a ir  was then b low n in  from  the 
com bustion  cham ber of the m ach ine . In 4^ m inu tes the v is ib i l i t y  of 
the fog had in c re a se d  fo u r- fo ld  ( i, e, from  15 feet to  60 feet).
Hot a ir  was b low n in  fo r 15 m inu tes in  a l l ,  but i t  was not p o ss ib le  
to  rem ove  a l l  t ra c e s  o f fog in  th is  way. The v is ib i l i t y  was 
co n s id e rab ly  g rea te r than 60 feet, although qu ite  a th ic k  m is t  
rem a ined .
D u ring  these 15 m inu tes the d ry -b u lb  tem pe ra tu re  ro se  
fro m  8 2 .2 ° F . to  87; 5 °F . and the w et-hu lb  tem pe ra tu re  from  8 2 .2 ° F . 
to  83. 9 °F , w h ich  co rre sponded  to  a re la t iv e  h u m id ity  of 85%, When 
the hot a ir  was sw itched  o ff, the tem pe ra tu re  f e l l  and the fog aga in  
th ickened . T w e lve  m inu tes a fte r sw itch ing  o ff the hot a i r ,  the 
tem p e ra tu re s  w e re :- d ry  bu lb  8 0 .4 ° F . , wet bulb 79. 2 ° F . , and the 
v is ib i l i t y  was 50 feet.
T h is  re su lt  is  in te resting*  and seem s to support the v iew s 
of v a r io u s  w o rk e rs  (5), (54), (55)j (56), (57), who have repo rted  
that na tu ra l fogs can be qu ite stab le  at re la t iv e  hum id it ie s  rang ing  
from  67* 5% to  s lig h t ly  le s s  than satux*ation. T h is  cond ition  was 
observed  in  the a r t i f ic ia l  fogs se v e ra l tim es* The fogs p e rs is te d  
fo r  con s id e rab le  p e r io d s  at re la t iv e  h um id it ie s  le s s  than 100%, and 
w ere  even observed  to th icken  as the tem pera tu re  fe l l,  although 
appa ren tly  sa tu ra tion  had not been reached. It is  v e ry  u n lik e ly  that 
any in s trum en ta l e r r o r s  (e .g . lag in  the the rm om e te rs) cou ld  be 
la rg e  enough to account fo r th is  obse rva tion , e sp e c ia lly  as the wet 
bu lb  u su a lly  kept pace w ith  the d ry  bu lb , even wheii thd tem pera tu re  
in  the fog changed f a i r ly  ra p id ly .
The above expe rim en ts  have shown that f a ir ly  stab le  
system s of fog can e x is t  dt h um id it ie s  w e ll be low  100%, The 
p a r t ic le s  constitu ting  these !d r y f fogs w ere v e ry  sm a ll,  as they showed 
no s igns of p re c ip ita t io n , and cou ld  not be sam pled  by the usua l 
standard  techn iques (P a r t  I, Section  1(b) ). F o r  d e ta ils  of w o rk  
concern ing  the o p tica l opac ity , nature and s iz e  of haze and fog 
p a r t ic le s  as a function  of hum id ity  below  sa tu ra tion , see re fe ren ce s  
(7), ( (13), P. 18), (58), (59).
(e) R e su lts
T ab le s  9, 10 and 11 il lu s t ra te  s ix  ty p ic a l expe rim en ta l ru n s , 
chosen at random , to  ind ica te  the v a r ia t io n s  of tem pe ra tu re  and hum id ity
w h ich  o ccu rred  outs ide and in s id e  the fog cham ber during  the pe riod  
of study. It was found, how eve r, that the s ta b ility  of each fog, as 
m easu red  by the t im e  taken fo r the v is ib i l i t y  to change between g iven 
in d ic e s , v a r ie d  con s id e rab ly  from  day to day due to the changes in  - 
ou ts ide  tem pera tu re  and hum id ity . T h is  can best be il lu s t ra te d  by 
quoting the m ean t im e s  taken fo r a v is ib i l i t y  in c re a se  from  30 feet 
to  60 feet. - The t im e s  g iven  be low  a re  the mean t im e s  fo r 60 fogs, 
a l l  o f w h ich  w ere  p repa red  on d iffe rent, days and inc lude  (a) p la in  w ate r 
fogs (b) an ion ic trea ted  fogs (20 p a r ts /m illio n )  and (c) non -ion ic  
trea ted  fogs (70 p a r ts /m illio n ) .
(a) 14. 0 m inu tes; standard dev ia tion  7, 5 m inu tes
(b) 19. 6 m inutes; standard dev ia tion  10.1 m inutes
(c) 8 .5  m inutes; standard  dev ia tion  3 .2  m inutes ,
The la rg e  va lues of the standard dev ia tions il lu s t ra te  the
e ffect of the above-m entioned day -to -d ay  v a r ia t io n s  on the p ro p e rt ie s  
of a fog. B e cau se  of th is  it  was on ly  v a lid  to com pare  the behav iour 
of fogs p repa red  on the sam e day, and p re fe ra b ly  w ith in  a sho rt t im e  
of each other. In th is  way the decay t im e s  o f the w ate r fogs trea ted  
w ith  su rfa ce  a c tive  agents (at d iffe ren t concen tra tions) cou ld be 
com pared  w ith  those of p la in  w ater; the re la t iv e  s ta b il it ie s  w ere 
exp ressed  in  te rm s  of a ’ s ta b il ity  r a t io 1 (the ’ s ta b il ity  t im e 1 re la t iv e  
to  that of a p la in  w ate r fog).
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- 8 6 -
T a b l e  11. c o n t d .
Time (mins») Dry .-Bulb0? Wet Bulb°F Visibility Index,
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7 3  4 2 . 9  4 3 . 5  5
Hun 6., ■
0 ( s p r a y  o n ) 4 3 * 5 4 4 * 2 2
2 4 5 * 0 4 6 , 0 5
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1 2 5 ° * ° 5 0 . 8 1 1
1 4 ( s p r a y  o f f ) 5 0 : 2 5 1 * 5 ■
\
- 8 7 -
T a b l e  1 1  o o n t d .
T i m e ( m i n s )  P r y  . B u l ' b 0 ?1 W e t  B u l b ° F  V i s i b i l i t y  X n d e z .
1 6  ■'  - V  4 8 . 9  4 9 . 2  -
1 8  ■; 4 8 . 2  / '  4 8 . 7  1 1
2 4  . 4 6  *6  4 6 . 9  1 0
3 4  4 5 . 0  4 5 * 7  -
4 4  . 4 , 4 . 9  . 4 5 . 2  9  ' ; ' V . ;
. ' 5 7  - 4 4 . 1  . 4 4 . 9  , - 8
6 3  4 4 . 1  4 4 « 9
68 , . .4 4 .1 ,  44*9 6 . ' ■ i
7 7  . 4 3 . 9  : 4 4 ; 8  . -  . • j
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S T A B I L I T Y
The re su lts  of these stud ies a re  shown g ra p h ic a lly  in  
F ig .  20, w here each graph rep re sen ts  the average of over 20 fogs 
prepared, from  so lu tions of the su rfa ce  a c tive  agent.
(f) D is c u s s io n
' - 8 8 -  . _ : .
With the fogs {produced from  so lu tions o f su rfa ce  a c tive  
agents, re su lts  show (see F ig ,  20) that w ith  an an ion ic  agent p resen t 
the s ta b il ity  of sa fog in c re a se d  w ith  concen tra tion  u n t il a po int was 
reached above w h ich  litt le , change o ccu rred . The re v e rs e  was found 
to be tru e  fo r the n on - io n ic  agent, w hereas the ca tio n ic  m a te r ia l was 
found to d e c rea se  in it ia l ly  the s ta b il ity  of a fog u n til a m in im um  
s ta b il ity  was reached  at a concen tra tion  of about 1 p a rt p e r m ill io n ;  
at concen tra tions h ighe r than th is ,  th e re  was a r is e  in  s ta b ility .
A  su rve y  of a l l  the e xp e r im en ta l runs showed that the an ion ic  trea ted  
fogs w ere  a lw ays m o re  stab le  than the p la in  w ate r fogs, w hereas of 
a l l  the n o n - io n ic  tre a ted  fogs (m ore than twenty) on ly  two had a 
s ta b ility  com parab le  w ith  that o f p la in  w ate r.
These  ob se rva tion s  and m easu rem ents can on ly  be regarded  
as sem i-quan tita tive ; n e ve rth e le ss  the e ffec ts  w ere  qu ite de fin ite .
The s ig n if ic a n ce  o f these stud ies was best shown b y  ana lys ing  a l l  the 
re su lts  s ta t is t ic a lly ,  and a ty p ic a l exam ple is  shown be low . A n  
exam ina tion  o f the decay t im e s  o f fogs sp rayed  from  a so lu tion  
conta in ing  1 p a rt p e r m il l io n  o f ca t io n ic  su rfa ce  a c tive  agent showed 
that the average s ta b il ity  ra t io  was 0,71 (see F ig .  20)..
The standard  dev ia tion  in  the va lue of the s ta b ility  ra t io  
was 0. 19, and app lica tio n  o f ’Student's t - t e s t ’ (60) to th is  showed 
that the 1% le v e l o f p ro b a b ility  was exceeded, w h ich  ind ica te s  that 
the re su lt  was d e fin ite ly  s ig n if ic a n t, in  the s ta t is t ic a l sense.
A s  m easu rem ents w ere  on ly  sem i-quan tita tive , it  is  
ra th e r d if f ic u lt  to put fo rw a rd  a iiy  f irm  v iew s to account fo r  the 
va ry in g  degrees of s ta b il ity  found in  these fogs. It is  w e ll-know n  
that when w ate r (or any liqu id ) is  sprayed from  an a to m ise r , then 
o ther th ings being equal, a reduction  in  the su rfa ce  tens ion  of the 
liq u id  to be sp rayed  (e .g . by  su rfa ce  a c tive  agents) tends to g ive  
la rg e r  d rop le ts  ( (61), p. 36). T h is  e ffect, i f  p resen t in  the above 
stud ies was not no ticeab le , as the th ree  types o f su rfa ce  ac tive  agents 
used (S .D .M .B .A .G ., L is s a p o l and Teepo l) a l l  low ered  the su rfa ce  
ten s ion  (see F ig . 21), but n eve rth e le ss  had q u a lita t iv e ly  d iffe ren t 
e ffects on the s ta b il it ie s  of the fogs.
F ro m  the re su lts  con s ide red  in  th is  Section  (see a lso  
Sections 1 and 2), it  appears quite de fin ite  that the s ta b il ity  of a fog 
is  dependent on the num ber rind nature  of the ions p resen t in  the 
w ate r d rop le ts . To obta in  re su lts  w h ich  can be a sse ssed  in  m ore  
d e ta il, re q u ire s  su itab le  in s trum en ta tion  fo r  the au tom atic  re co rd in g  
o f tem pe ra tu re , hum id ity  and v is ib i l i t y  du ring  the ’build-up* and 
decay pe rio d s  of a fog. It is  d e s ira b le  to in s ta l l these au tom atic  
re co rd in g  in s trum en ts  along the p ro f ile  of a fog at v a r io u s  le v e ls ,  so
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that a continuous c h a ra c te r is a t io n  can be taken throughout its  
en tire  vo lum e. W ith  a h igher en c lo su re  it  is  p o ss ib le  to study fogs 
po sse ss ing  a la rg e r  p redom inant drop s iz e , m o re  c h a ra c te r is t ic  
o f n a tu ra l fogs (see G e n e ra l Introduction).
S ince the com p le tion  of the w o rk  d e sc r ib ed  here , 
e xpe rim en ts  have been s ta rted , along the lin e s  suggested above, in  a 
s p e c ia lly  designed 30 foot cube cham ber. Some d e ta ils  of th is  w o rk  
a re  d e sc r ib ed  la te r  in  ’G e n e ra l D is cu ss io n  and C o n c lu s io n s1.
S E  C T I  O N  -4.
S T U D IES  O F  S P R A Y E D  FO G S  IN A  
i f  C U . F T .  C H A M B E R
(a) A ppa ra tu s and E xp e r im e n ta l Techn ique
(b) R e su lts
(c) D is cu ss io n
Studies of Sprayed Fogs in  a l|- Cu. F t .  Cham ber
(a) Appa ra tu s and E xp e r im e n ta l Techn ique
In v iew  of the p rom is in g  re su lts  obtained in  the 
50,000 cu. ft. cham ber at W oo lw ich  A rs e n a l,  an attem pt was made 
to p repa re  s im ila r  sp rayed  fogs in  the la b o ra to ry . P r io r  to the 
m aking  of a s m a ll- s c a le  fog cham ber, expe rim en ts w ere f i r s t  
conducted on se ve ra l sm a ll liq u id  a to m ise rs  to in vestiga te  the 
p o s s ib ilit y  o f fo rm ing  su itab le  s ized  w ater d rop le ts  in  the 1 - 2 0  m ic ro n  
d iam ete r range. S eve ra l ’ scent s p ra y 1 type a to m ise rs  w ere t r ie d ,  
but these a lw ays produced la rge  sp rayed  d rop le ts  w h ich  q u ic k ly  
se ttled  out as a fine m is t . In v iew  of th is , it  was decided to 
in vestiga te  the ’re f lu x  type1 of a to m ise r , w h ich in co rpo ra ted  a ba ffle  
system  to p revent the la rg e  s ized  d rop le ts  (g rea te r than about 20 
m ic ro n s  d iam ete r) from  being d ispe rsed . T h is  type of a to m ise r 
proved to be m ost sa t is fa c to ry  fo r the p repa ra tion  o f sp rayed  fogs on 
a la b o ra to ry  sca le . F ig . 22 shows a c ro s s -s e c t io n a l d iag ram  of 
such an a to m ise r , and was the type used throughout a l l  the la b o ra to ry  
experim en ts . The a to m ise r is  a c o m m e rc ia l p roduct (as supp lied  by 
R yba r L a b o ra to r ie s  L t d , ) and is  the type used in  inha lent th e rapy  fo r 
the r e l ie f  o f re s p ira to ry  com p la in ts .
S E C T I O N  4.

T h is  section  d ea ls  w ith  the p re lim in a ry  s m a ll- s c a le  
expe rim en ts  w h ich  w ere conducted in  an app ro x im a te ly  cu b ica l box of 
vo lum e 1^ cu. ft. A  s in g le  a to m ise r o f the type ju s t  d e sc r ib ed  was 
fitted  in s id e  the sm a ll cham ber, and connected to  the com p re ss io n  
s ide  of a Type IV  v a cu u m -co m p re sso r pump (as supp lied  by M e s s r s .
W. Edw ards & Co. L td . )  w h ich  supp lied  an a ir  b la s t of 3 -  4 lb . per 
sq, in , fo r  the d is p e rs io n  of the w a te r. W ith  th is  a rrangem ent it  
was found p o ss ib le  to ob ta in  o p t ic a lly  dense fogs in  the fog cham ber.
In ag reem ent w ith  past e xpe r ien ce , it  was found im portan t to  have 
the w a lls  and c e il in g  of the fog cham ber sa tu ra ted  w ith  w a te r, as 
th is  enabled cond it ion s to be s tandard ised  from  one expe rim en t to 
another (see Section  3), The in te r io r  o f the cham ber was th e re fo re  
lin ed  w ith  w e ll-m o is te n e d  f i l t e r  pape r, w h ich  was renewed fo r  each 
set o f e xpe rim en ts .
The fo rm a tio n  and subsequent decay o f a fog, a fte r 
ce ssa tio n  o f sp ra y in g , was fo llow ed  by studying the in te n s ity  o f the 
lig h t tra n sm itte d  th rough  the fog cham ber. A  tra n sm is so m e te r 
w ith  a b a r r ie r  type pho toce ll and a lig h t beam of path length 30 cm . , 
was p laced  at a le v e l of 30 cm . be low  the c e ilin g  of the fog cham ber.
The s ig n a l from  the photo c e l l  w as re ce ive d  by a conventiona l 
’ C am bridge  spo t1 ga lvanom ete r (im pedance 450 ohms) w h ich  a llow ed  
the change in  in te n s ity  o f lig h t tra n sm itte d  th rough  the fog to be fo llow ed  
du ring  the ’b u ild -u p ’ and decay p e r io d s . The p ro je c t io n  p a rt of the
tra n sm is so m e te r  con s is ted  o f a 6 v o lt -  .6 watt c a r  lam p  bulb 
w h ich  was ene rg ised  by a heavy duty 6 v o lt  c a r  b a tte ry . A  beam 
of lig h t was obtained from  the lam p , w ith  the a id  of a condenser 
lens system  w h ich  cons is ted  of a p a ir  o f p lano -convex len ses  as shown 
in  Section  2. The in te n s it ie s  of lig h t tra n sm itted  through a g iven 
fog w ere  re co rded  as percentages of that tra n sm itte d  in  the absence 
of fog. Fogs produced by sp ray ing  w ere  b u ilt  up to  g ive a lig h t 
t ra n sm is s io n  of about 35 -  40%, and the decay of the fog was 
fo llow ed  by the method ju s t described* L ig h t  in te n s ity  m ea su re ­
m ents w ere accu ra te  to w ith in  1%. ■
P la in  w ater fogs w ere p repa red  from: tap w ate r (of
- 4 - 1 - 1sp e c if ic  conduc tiv ity  5 x 1 0  ohm cm* , equ iva len t in
conduc tiv ity  to  app ro x im a te ly  10 n o rm a l su lp h u r ic  a c id  so lu tion) 
in  a l l  these experim en ts and w ere  regarded  as an a rb it r a r y  standard 
w ith  w h ich  other fogs w ere  compared# The on ly  type of 
contam inated fogs stud ied , w ere  those p repa red  from  tap w ater 
p lus a known amount o f su rfa ce  active  agent, and the p rocedu re  
adopted fo r the com pa rison  o f th e ir  re sp e c tive  s ta b il it ie s  was the 
sam e as that d e sc r ib ed  in  Section  3. The tem pera tu re  du ring  the 
l ife  o f a fog was m easu red  w ith  a m e rc u ry - in -g la s s  the rm om ete r 
(ca lib ra ted  in  0 ,1 °  C* d iv is io n s )  p laced at a le v e l of about fou r 
inches below  the c e ilin g  o f the cham ber.
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The su rfa ce  a c tive  agents in troduced  in to  the fog - 
fo rm ing  w ate r in c luded  Teepo l (an ion ic); L rissapo l (non -ion ic) 
and benza lkon ium  ch lo r id e  (B .A .C . , ca tion ic ). The amount of 
each type o f su rfa ce  ac tive  agent added was v a r ie d  from  1 to 100 
p a rts  pe r m il l io n .  ‘
A s  a m easu re  of s ta b il ity  i t  was found convenient, to 
re c o rd  the t im e  taken fo r the contam inated and the.tap  w ate r fogs 
to decay by a fixed  amount. The. t im e  taken fo r the fogs to 
in c re a se  the lig h t t ra n sm is s io n  by 30% (v iz . from  55% to 85%) 
was taken as an a rb it r a r y  m easu re  of th e ir  s ta b ility ;  re su lts  
w ere exp re ssed  as a s ta b il ity  ra t io ; the s ta b il ity  of a tap -w a te r 
fog being taken as un ity.
(b) R e su lts
O ve r 70 sp rayed  fogs, in c lud ing  those p repa red  from  
tap  w ate r p lus a su rfa ce  a c tive  agent, w ere  stud ied in  the m anner 
ju s t d e sc r ib ed . T ab le s  12 -  17 i l lu s t ra te  a few ty p ic a l 
e xpe r im en ta l ru n s . F ig .  23 shows g ra p h ic a lly  the re su lt  of these 
s tud ie s , w here each graph re p re sen ts  the average of ove r 20 
sp rayed  fogs p repa red  from  so lu tion s o f su rfa ce  a c tive  agents,
(c) D is cu s s io n  '
The e ffects of the p resence  o f sm a ll amounts of su rfa ce  
a c tive  agents of v a r io u s  types in  the fo g -fo rm in g  w ate r a re  shown 
in  F ig .  23. T h is  f ig u re  il lu s t ra te s  the re la t iv e  s ta b il it ie s  of the
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va r io u s  fogs (an in c re a se  in  lig h t t ra n sm is s io n  o f 30% being 
taken as an a rb it r a r y  m easu re  o f s ta b il ity  -  see Sections 3(a) and 
4(a) ). '
It Is seen that the q ua lita t ive  e ffec ts  o f the su rfa ce  
a c tive  agents a re  s im ila r  to  those observed  in  the large Scale 
expe rim en ts  c a r r ie d  out at W oo lw ich  A rs e n a l (see Section  3),
In v iew  of the re la t iv e ly  lax*ge w a ll a re a /vo lum e  ra t io  in  the. 
l|- cu. ft. cham ber, no attem pt was made to in te rp re t these 
re su lts  q uan t ita t iv e ly  and attention  was t ra n s fe r re d  to 
m easu rem ents in  a la rg e r  chamber* now that it  was known that 
sp rayed  fogs cou ld  be su ita b ly  p repa red  in  the la b o ra to ry .
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S E  C T  I O N - 5 .
A  D E T A IL E D  S T U D Y  O F  S P R A Y E D  FO G S  IN 
, A  12 CIT. F T .  C H A M B E R
(a) A ppa ra tu s  and E xp e r im e n ta l Techn ique
used in  the p repa ra tio n  o f Sprayed Fogs
(b) D rop  s iz e  de te rm ina tion
(c) L ig h t  t ra n sm is s io n  stud ies
SEC T IO N  5.
A  D e ta ile d  Study of S p rayed  Fogs in  a 12 cu, ft. Cham ber
(a) A ppa ra tu s  and E xp e r im e n ta l Techn ique used 
in  the P re p a ra t io n  of Sprayed Fogs
W ith the a id  o f a sm a ll re f lu x  type o f sp ra y  a to m ise r 
(see F ig . 22), it  was found p o ss ib le  to p repa re  sp rayed  w ate r fogs in  
the la b o ra to ry  w ith  decay t im e s  su itab le  fo r a ccu ra te  ligh t 
t ra n sm is s io n  stud ies (see Section  4), In o rd e r to  c a r r y  out a 
com prehens ive  study of fog s ta b ility ,  inc lud ing , in ve stig a tion s  in to  the 
behav iou r of fogs fo rm ed  from  aqueous so lu tion s o f e le c tro ly te s , it  
was decided to p repa re  sp rayed  fogs in  a la rg e r  cham ber. W ith a 
co m p a ra t iv e ly  la rg e  fog cham ber it  is  p o ss ib le  to c a r r y  out lig h t 
t ra n sm is s io n  stud ies a long the p ro f ile  of a fog and detect any 
d if fe re n t ia l se tt lin g  of d rop le ts  w h ich  m ay o ccu r in  the system .
O ther advantages obtained from  studying la rg e  fog system s have 
a lre ad y  been m entioned in  Section  2.
To  th is  end a box (fog cham ber) of d im ens ion s 4* (high) x  2* x  1 
was constru cted  from  ’H a rd b o a rd 1 and bo lted to a ’Handy Angle* fram e . 
F o u r s m a ll re f lu x  sp ra y  a to m ise rs  of the type d e sc r ib ed  in  
Section  4 (see F ig .  22)* w ere  fitted  to the in s id e  of the cham ber at 
a le v e l of 6 in . be low  the top of the cham ber. The a to m ise rs  w ere 
connected in  p a ra l le l to a com m on pipe lin e  of an a ir  c y lin d e r ,  w h ich  
supp lied  an a ir - b la s t  p re s su re  o f 15 lb . pe r sq. in . fo r the d isp e rs io n
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of the w ate r and aqueous so lu tio n s . W ith th is  a rrangem ent it  
was found that the ra te  o f sp ray ing  of each a to m ise r was 0, 35 g m ./m in . 
and was constant fo r  a l l  the so lu tions sp rayed . To  fa c ilita te  the 
rem ova l of the a to m ise rs  fo r c lean ing  pu rposes, and fo r r e f i l l in g  
the re s e r v o ir s  w ith  f re sh  aqueous so lu tions between each set o f 
expe rim en ts , it  was n e ce ssa ry  to in c lude  one s ide  o f the cham ber 
w ith  a f lu sh -f it te d  door. P r io r  to the sp ray ing  of a fog the -
in s id e  w a lls  o f the cham ber w ere hosed down w ith  w ater to ensure
100% re la t iv e  hum id ity , w h ich , from  past expe rience , was found 
e ssen t ia l in  o rd e r to obta in  re p rodu c ib le  fogs (see Section  3).
, The fo rm a tion  and subsequent decay of a fog a fte r ce ssa tio n  '
o f sp ray ing  was fo llow ed  by studying the in ten s ity  of the lig h t 
tra n sm itte d  through the cham ber. T h ree  t ra n sm is so m e te rs , each 
in co rpo ra tin g  a b a r r ie r  type pho toe le c tr ic  c e l l  (as supp lied  by 
E vans E le c tro se le n iu m  L t d . ), w ere  a rranged  along the height of 
the cham ber at d is tan ces of app rox im a te ly  1 ft. apa rt. The p ro je c to r 
end o f each tra n sm is so m e te r con s is ted  o f a 6 v o lt -  6 watt c a r  lam p  
bulb p laced  at the focus of a condenser len s system  fitted  w ith  an 
i r i s  d iaph ragm . The th ree  lam ps were connected in  p a ra lle l to 
a 6 v o lt c a r  ba tte ry , and focussed  to th row  na rrow  beam s of lig h t 
(of path length  2 f t . ) th rough the fog cham ber on to p ho to e le c tr ic  
c e l ls  on the other s ide . The s ig na ls  from  the th ree  p ho toe le c tr ic  c e lls  
w e re  re ce ived  by a s ix -ch an n e l potentiom eter pen re c o rd e r  (as
supp lied  by E l l io t t  B ros*  L td . .(62).), w hereby the change in  
in te n s ity  of lig h t tra n sm itte d  through a fog, at the th ree  d iffe ren t 
he igh ts, was a u to m a tica lly  p lotted as a function o f t im e  during  
both the b u ild -u p  and decay periods*
P r io r  to the sp ray ing  of a fog, the amount o f lig h t fa llin g  
on each pho to e le c tr ic  c e l l  was adjusted, by v a ry in g  the ape rtu re s  
of the i r i s  d iaph ragm s, to  g ive a fu l l- s c a le  d e fle c t io n  on the 
re co rd in g  po ten tiom ete r, co rre spond ing  to a 100% lig h t t ra n sm is s io n . 
T h is  enabled the in te n s it ie s  of the lig h t tra n sm itte d  through a fog 
to be re co rded  as percentages of that tra n sm itte d  in  the absence
of fog. D u ring  the sp ray ing  of each fog, the system  was s t ir r e d
• * . ' . . . *>•  * ■
w ith  a sm a ll m echan ica l fan, p laced  at a d is tance  of a few inches 
be low  the c e ilin g  o f the cham ber. T h is  ensured  that the fog was 
w e ll m ixed  and gave a un ifo rm  num ber concen tra tion  of d rop le ts  
throughout the en tire  vo lum e of the cham ber. The tem pera tu re  
in s id e  the fog cham ber was m easu red  at frequent in te rv a ls  of t im e  
w ith  a n b e rcu ry - in -g la s s  th e rm o m e te r, suspended in s id e  the 
cham ber.
The fogs stud ied in c luded  those sp rayed  from  d is t i l le d  
w a te r, tap  w ater and aqueous so lu tions of su lp h u r ic  a c id  of 
concentra tion ; 10 ^N, 5 x  10 ^N, 10 N , 10 N  a n d l N, In add ition  
to th is ,  fogs w ere a lso  p repa red  from  the above so lu tions to w h ich  
w ere  added sm a ll am ounts of su rfa ce  a c tive  agent. The su rfa ce  •
ac tive  agents used in c luded  Teepo l (an ion ic  type), L is s a p o l (non­
io n ic  type) and benza lkon ium  ch lo r id e  (D ,A .C . , ca tio n ic  type).
Having p repa red  the fog cham ber, and adjusted the 
th ree  tra n sm is so m e te rs  in  the m anner ju s t d e sc r ib ed , the fogs 
w ere  p repa red  by sp ray ing  a g iven  so lu tion  u n t il no fu rth e r 
redu c tion  in  tra n sm itte d  lig h t (o r le s s  than 1% change p e r m in . ) 
was ind icated  on the re co rd in g  potentiom eter,
(b) Drop Size Determinations
D uring  the sp ray ing  o f a fog and im m e d ia te ly  a fte r. • \ , - •
ce ssa t io n  of sp ra y ing , sam p les of the d rops w ere  taken frequen tly  
in  o rd e r to de te rm ine  the s iz e  d is tr ib u t io n  o f d rop le ts  -  in  
p a r t ic u la r  the mode d iam e te r -  obtained w ith  the sp ra y  a to m ise rs  
The two m ethods em ployed fo r the sam p ling  o f the fog d rop le ts  
w ere  sed im enta tion  and im p ingem ent (see p a r t  X, Section  1(b) ). 
p r o p  s iz e  m easu rem en ts w ere  made on fogs sp rayed  from  
d is t i l le d  w a te r, tap w ate r and aqueous so lu tions of su lp h u r ic  a c id  
at s e v e ra l concen tra tion s . T h is  was c a r r ie d  out in  o rd e r to 
a s c e r ta in  whether any d is c e rn ib le  v a r ia t io n  in  d rop  s iz e  re su lted  
from  sp ray ing  the d iffe re n t so lu tion s .
(i) Sed im entation  Method
S m a ll m ic ro sco p e  s lid e s  coated w ith  a th in  la y e r  o f 
’ S p ira x  230’ gear o i l ,  w ere  p laced  in  the fog cham ber, and the 
d rop le ts  co lle c ted  by a se tt lin g  techn ique as d e sc r ib ed  in  P a r t  I,
Section  1(b). When a su ff ic ie n t num ber o f fog d rop le ts  w ere 
co lle c ted , a m ic ro scop e  cove r s l ip  was q u ic k ly  p laced on the 
spec im en  s lid e , and the edges of the co ve r s l ip  sea led  w ith  a 
po lysty rene  m ounting cem ent. The cove r s l ip  was lig h t ly  
pos itioned  on the s lid e , ca re  be ing taken to avo id  d is to r t io n  o f the 
d ro p le ts . Specim ens p repa red  in  th is  m anner rem a ined  unchanged 
fo r reasonab le  lengths of t im e  dad a llow ed  the d rop le ts  to be
i
s ized  and counted d ir e c t ly  under an op tica l m ic ro sco p e .
H ow ever, it  was found m o re  conven ient to take pho tom icrog raphs 
o f the spec im ens , from  w h ich  the d rop le t im ages w ere p ro jected
*
w ith  a lan te rn  s lid e  p ro je c to r ori to a lh rg e  sc re en  of graph 
paper. The graph paper was p re v io u s ly  ca lib ra te d  in  m ic ro n s  
by the p ro je c tio n  of a pho tom icrog raph  of a su itab le  stage 
m ic ro m e te r  s lid e , w h ich  had been photographed under the 
m ic ro sco p e  at the sam e m agn ifica tion  as that of the spec im en.
The d rop le t im ages on the sc re en  w ere  su ff ic ie n t ly  la rg e  to 
a llow  th e ir  ou tlin es  to be p en c ille d  and w ere  then checked o ff as 
they w ere m easu red . The standard  p ra c t ic e  was to s iz e  and count 
se v e ra l hundred d rop le ts  in  th is  m anner fo r each specim en; F ig .  24 
i l lu s t ra te s  ty p ic a l f re q u e n cy -s iz e  d is tr ib u t io n  cu rve s  obtained from  
such a p a r t ic le  count.
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( ii)  Im pingem ent Method 
D u ring  the sp ray ing  of a fog, sam p les of the d rop le ts  w ere  
taken  w ith  a cascade im p ac to r (see F ig . 2), and the s lid e s  w ere  
a fte rw a rd s  exam ined and ana lysed . The type of im pac to r used 
( inc lud ing  d e ta ils  of its  operation) is  d iscu ssed  in  P a r t  I,
Section  1(b). A  la rg e  hand ty re  pump, conve rted  fo r suction  and 
d raw ing  407 cu. cm , of a ir  pe r s troke  was fitted  w ith  a n o n -re tu rn  
va lve  and connected to the suction  tube (E  in  F ig ,  2) of the cascade 
im pac to r v ia  a c r i t ic a l  p re s su re  o r if ic e  (23). T h is  a llow ed  a 
conven ient sam p ling  ra te  of flow  through the im p a c to r. The 
be ll-m ou thed  a ir  in take attachm ent (A  i ti F ig .  2) was pe rm anen tly  
fitted  to an ape rtu re  in  the w a ll of the fog cham ber, through w h ich  
sam p les of the fog cou ld  be w ithdraw n. The fou r co lle c t in g  
m ic ro sco p e  s lid e s  fitted  in s id e  the im pac to r w ere coated w ith  a 
th in  la y e r  of ge la tine  dyed w ith  naphthol g reen , so that the 
im p ing ing  w ate r d rop le ts  le ft c ir c u la r  s ta in s on the s lid e s ,  each 
d rop le t s ta in  having a d iam e te r 2. 5 t im e s  that o f the d rop le t (8), .
The s iz in g  and counting of the d rop le t s ta in s  under a m ic r o ­
scope was c a r r ie d  out e s s e n t ia lly  as d e sc r ib ed  b y ;M ay  (21), A  
’ S w ift1 b in o cu la r m ic ro sco p e  was used w ith  x 12 eyep ieces 
in co rp o ra tin g  a m od if ied  F a i r s ’ s g ra t ic u le , con s is t in g  of a 
re c tan gu la r g r id  w ith  a s e r ie s  o f num bered lin e s  at d is tances from  
the cen tre  of the re c tang le  w h ich  in c re a sed  in  a yjz p ro g re s s io n  (21).
- 1 0 9 -
O bjectives used w ere a x 10 (2/3 in . ) fo r the f i r s t  im paction  stage 
and a x 40(1/6  in * ) fo r the o ther stages. A s  d rop le ts  in  c e r ta in  
s iz e  ranges a re  im pacted  on both the f i r s t  and second s lid e s ,  these 
w ere  counted p a r t ly  at one m agn if ica t io n  and p a rt ly  at the other.
To  fa c ilita te  the com b ination  of the counts at the two m agn ifica t io n s , 
su itab le  ob jec tive s  w ere used so that no m an ipu la tion  of the 
m ic ro sco p e  tube length was n e ce ssa ry .
The d rop le t s ta in s  on the f i r s t  s lid e  covered  an a rea  (the 
tra ce )  of a pp ro x im a te ly  2 cm . x  1 cm . These w ere easy  to see and 
presented no d if f ic u lty  in  counting and s iz in g . In gene ra l, few 
d rop le ts  w ere im pacted  on th is  s lid e  and w ere a l l  g rea te r than 
8 m ic ro n s  d iam e te r. The t ra c e  on the second s lid e  was 
app rox im a te ly  1 .4  cm , x  0. 3 c m . , w ith  d rop le ts  in  the 1 . 5 -  12.0 
m ic ro n  d iam ete r range. A g a in  s iz in g  and counting p resen ted  l it t le  
d if f ic u lty ,  and it  was on th is  s lid e  that the g rea t m a jo r ity  of 
d rop le t s ta in s  w ere  found. The tra ce  on the th ird  s lid e  was 
app rox im a te ly  1 .4  cm . x  0 .15  cm , , w ith  d rop le ts  in  the 1 - 3  m ic ro n  
d iam e te r range. No t ra c e  of d rop le t s ta in s  was eve r found on the 
fou rth  stage. In v iew  of the la rg e  num ber concen tra tion  of d rop le ts  
p resen t in  the sp rayed  fogs, it  was found n e ce ssa ry  to  sam ple  on ly  
50 cu. cm . (i. e. about |  of a s tro ke  w ith  the pump) of the fog, as 
th is  ensured that the second im paction  stage was not ove r-exposed  
w ith  d rop le t s ta in s  to g ive a ’washed out1 tra ce .
- 1 1 0 -
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The m ic ro sco p e  was tra v e rse d  a c ro s s  the w idth of a 
t ra c e , and a l l  d rop le t s ta in s  pass ing  w ith in  the w id th  o f the 
g ra t ic u le  re c tang le  w ere  counted. A  d rop le t s ta in  was con s ide red  
’ in* i f  any p a rt o f it  touched the upper boundary of the re c tang le  
and *outr i f  any p a rt touched the low e r boundary. A s  each sta in  
passed the cen tre  lin e  of the re c tang le  g r id  it  was s ized  aga inst 
the app rop ria te  num bered g r id  lin e . S e ve ra l t ra v e rs e s  w e re  made 
a c ro s s  the w id th  of the t ra c e  at v a r io u s  p a rts  along the length 
o f the tra ce .
( i i i)  R e su lts  of the jD rop-S ize D e te rm ina tion s
The re su lts  obtained from  using the cascade im pac to r 
w ere  ana lysed  as shown in  Tab le  IB. The to ta l num ber of d rop le ts  
on the tra ce  was ca lcu la ted  from  know ledge o f the num ber of 
d rop le ts  counted in  a g iven  a rea .
i.  e* If C . = N um ber o f d rop le ts  of s iz e  i  counted in  
. t t r a v e r s e s ,
W = W idth of each t ra v e rs e ,
and .. 1 = Leng th  o f the tra ce .
Then the num ber of d rop le ts  N  of s iz e  i  on the tra ce  
is  g iven b y :- -
TsJ — 1 • -
I ~ fo r a rep re sen ta tive  num ber of
w t *
traverses made.
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T a b l e  18*
T y p i c a l  D r o p l e t  C o u n t  o f  S p r a y e d  D r o p l e t s ,  S a m p l e d ; ,  w i t h  t h e  C a s c a d e
_ _ 2  . . .  ! 
I m p a c t o r  ( f o r  a  1 0  N  a q u e o u s  s u l p h u r i c  a c i d  f o g ) >
F c . =  3 4 9  ( I n .  =  6 8 4 1 1 x .  1 0 0 . 0 0n
|  G r a t i c u l e  j D r o p l e t N o . o f  D r o p s N o . o f  D r o p s  o n > R e l a t i v e  F r e q u e n c y  j
i N u m b e r  [ D i a m e t e r  
1 ( m i c r o n s )
tl . 4
C o u n t e d  C .  .
1
T r a c e  N . .  
1
( C . l / t  w )
f  .  
n
( p e r c e n t a g e )
S t a g e  1 .
9 ' 16 .3  . 6 278 0*41
•j! j
10 j 23 .0 8 370 0*54
11
I \
32.6 3 139 0 .2 0
• S t a g e  2 .5j ! 
1 -8 |
5
2 .9 4 . 1035 1 .5 1
r  9 4 .1 3.9 4925’
•
7 .2 0 .,
10 5 .8 44 11405 16.67 '
11 8 .2 66
,
17116 25.02
, 12 11.5 22 5679
\
8.30
»
\
j 16 .3
-
9 2334
|
3.41 |
1 • !
S t a g e  3*
i
«
1!
t.
6 j 1*4 1 156 1 0 .2 3
7
i .•
2.0 17 856
1 • ■
1.25
8
•
. 9
; 2.9 
4 ° 1
60
i 59
9336
9180
13.65 . ]
:
1 3 .4 2
i j
10 : 5*8 31i 4824 7.05  j
1 1 8 . 2 . . 5 |  778
• s
1 . 1 4  |
N o .  o f  t r a v e r s e s  t : , m a d e  o n  s t a g e s  1 , 2 , 3  w e r e  6 , 3  &  5  r e a p .
L e n g t h  o f  t r a c e  1 ,  m a d e  o n  s t a g e s  1 , 2 , 3  w e r e  2 0 , 1 4  &  1 4  m m .  r e s p .  
W i d t h  o f  t r a v e r s e s  w ,  m a d e  o n  s t a g e s  1 , 2 , 3  w e r e  0 . 0 7 2 , 0 . 0 1 8 , 0 . 0 1 8  m m ;
N r
Using  the re la t io n :-  fn « ' , the re la t iv e  num ber
frequency fn was ca lcu la ted  and exp re ssed  as a percentage ,
w here f  is  defined as the num ber o f d rop le ts  counted in  a g iven
s iz e  range, d iv ided  by the to ta l num ber of d rop le ts  counted.
F ro m  these re s u lts ,  fre q u e n cy -s iz e  d is tr ib u t io n  cu rve s
w ere  drawn; F ig . 25 shows a ty p ic a l d is tr ib u t io n  obtained by
-2sam p ling  d rop le ts  du ring  the sp ray ing  o f a 10 N  aqueous 
su lp h u r ic  ac id  fog. Hav ing  ana lysed  the re su lts  in  the m an lie r 
d e sc r ib ed  above, it  was found that both methods of sam p ling  
a lw ays gave a d rop le t mode d iam e te r in  the 6 -  7 m ic ro n  range.
T h is  was a lw ays found to be the case  fo r  fogs sp rayed  from  
d is t i l le d  w a te r, tap w ate r and aqueous so lu tions of su lp hu r ic  a c id  
ir r e s p e c t iv e  of the concen tra tion  of a c id  so lu tion  used (over the 
concen tra tion  range 10 N  -  1 N). A s  a l l  the above so lu tions 
had s im ila r  su rfa ce  tens ion  and v is c o s it y  p ro p e rt ie s , and w ere 
sp rayed  w ith  a constant a ir  b la s t p re s su re  o f 15 lb . pe r sq. i n , , 
a com parab le  fre q u e n cy -s iz e  d is tr ib u t io n  of the sp rayed  d rop le ts  
is  to  be expected (61).
(c) L ig h t  T ra n s m is s io n  Studies 
U sing  the techn ique as d e sc r ib ed  in  Section  5(a), the
change in  the in te n s ity  o f lig h t t ra n sm is s io n  o f fogs sp rayed  from
— 3 — 3 -2
d is t i l le d  w a te r, tap w ate r and aqueous so lu tions of 10 N , 5 x  10 N,10 Ttf,
10"* 1 N  and 1 N  su lp h u r ic  a c id  was stud ied at th ree  d iffe ren t heights
- 1 1 3 -
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along the fog cham ber. S im ila r  stud ies w ere  a lso  made on fogs 
sp rayed  from  the above so lu tions to w h ich  sm a ll amounts of 
su rfa ce  a c tive  agent w ere added. The su rfa ce  a c tive  agents 
used w ere  those m entioned in  Section 5(a). The change in  the 
in te n s ity  of the lig h t tra n sm itte d  th rough the fog was a u to m a tica lly  
p lo tted  as a function  of t im e  du ring  the b u ild -u p  and decay o f a 
fog. . Sp ray ing  was continued u n til no fu rth e r reduction  in  
tra n sm itte d  lig h t was ind ica ted  on the re co rd in g  po tentiom eter.
A s  on ly  th ree  s ig n a ls  from  the p ho toe le c tr ic  c e lls  w ere  re ce ived  
by the s ix -ch an n e l pen re c o rd e r ,  the rem a in ing  th ree  channe ls 
w ere  lin ked  in  p a ra l le l to  the. in com ing  s ig n a ls . T h is  enabled 
a l l  the pens, w h ich  w ere o f the ’ chopper b a r1 type (62), to be 
used, so p e rm itt in g  each pen to re co rd  a v a lu e  of the lig h t 
t ra n sm is s io n  on the m oving  ch a rt at 10 sec. in te rv a ls .  The 
speed of m otion  of the ch a rt was Jr i i i ,  per m inu te . T h is  was 
found to be the m ost su itab le  ch a rt speed fo r studying the bu ild -u p  
and decay t im e s  of the above sp rayed  fogs. W here a m ore  de ta iled  
a n a ly s is  o f the ’bu ild-up* lig h t in te n s ity  cu rve s  was re qu ired , the 
ch a rt speed was ad justed to 2 in , per m inu te . ;
T y p ic a l lig h t t ra n sm is s io n  data fo r  fogs sprayed  from  
w ate r and aqueous so lu tio n s of su lp h u r ic  a c id  a re  g iven in  Tab le  19. 
These  re su lts  w ere  obtained from  a n a ly s is  of the lig h t in te n s ity  -  t im e  
cu rve s  p lotted w ith  the pen re c o rd e r . The type o f cu rve s  obtained
— 1IL4-—
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T y p i c a l  L i g h t  T r a n s m i s s i o n  V a l u e s  ( m i d d l e  t r a n s m i s s o m e t e r  - o n l y )  d u r i n g
1
t h e  S p r a y i n g  ( b u i l d - u p )  a n d  D e c a y  o f  A q u e o u s  F o g s .
T a b l e  1 9 .
S o l u t i o n s  S p r a y e d .
. ,v.a^5.v ; 1 rrtr«fit**:
1 W A T E R
T i m e | D i s t i l l e d T a p
( m i n s ) P E I t C E H T A G E
r ............. ] *
S p r a y  o n 1 0 0 1 0 0
1 5 8 . 0
t j
5 6 . 0
2
!
5 1 . 4 4 4 . 0
• 3 4 7 . 3  1 3 5 . 8
4 4 6 . 1  | 3 3 . 0
5 4 6 . 1
1
3 2 . 0
6 4 6 . 0 3 1 . 5
7 4 6 . 0 3 1 . 5
8  ( s p r a y 4 6 . 0 3 1 . 5
o f f )
1 3 7 7 . 8 4 9 . 4
1 8 9 4 . 3 6 2 . 0
1
2 3 9 8 . 7 6 8 . 0
A Q U E O U S  S O L U T I O N S  O F  S U L P H U R I C  A C I D  
10-3N J 5x 10~3N j 10“%  f 10 "H Iff
100
63.0
48.5 
45.3 
44* 7 
44.7 
44=7 
44*7 
44 • 7
70.6 
9 1 o0
92.5
100
6 3 . 0
4 4 . 0
3 5 . 5
3 0 . 0
2 7 . 3
2 5 . 3
2 4 ol
2 4 . 1  
38.7
100
4 6 . 0
3 2 . 5
2 4 0 2
20.0 
1 7 . 0
15.2
1 4 . 2  
14.2 
23.0
4 8 . 0  27.5
50.3 36.0
100
4 0 . 0
21.0
12.0
10.0
5.5
4.5 
3.8 
3°8
4.5 
7.2 
10.0
. 100i
j 5 9 . 0  
j 21,0
I 8.8
5.5
f 2.01;
! 1*3
1 1 . 2
i
ii 1 . 2
j2,6
i 3 . 8
5 . 5

by sp ray ing  the v a r io u s  so lu tion s a re  shown d ia g ra m a t ic a lly  in  
F ig .  26, w h ich  il lu s t ra te s  the re la t iv e  s ta b il ity  of the v a r io u s  
sp rayed  fogs. It can be seen that as the concen tra tion  of 
e le c tro ly te  was in c re a se d , the fog cou ld  be b u ilt  up to a g rea te r 
opac ity  and a lso  the lig h t t ra n sm is s io n  in c rea sed  m ore  s lo w ly  
a fte r ce ssa t io n  o f sp ray ing . S eve ra l hundred fogs w ere  stud ied 
in  the above m anner, and a l l  w ere  found to g ive  va lues of lig h t 
t ra n sm is s io n  w h ich  w ere  re p rod u c ib le  to w ith in  a few per cent 
fo r a g iven so lu tion .
The e ffect of sm a ll add itions of su rfa ce  active  agent to  the 
fo g -fo rm ing  so lu tion s was sm a ll,  and no m arked  change in  the 
lig h t t ra n sm is s io n - t im e  cu rve s  was d is c e rn ib le .
In the case o f the fogs sp rayed  from  d is t i l le d  w a te r, 
tap w ate r and the m o re  d ilu te  aqueous su lp h u r ic  ac id  so lu tio n s , it  
was found that the lig h t in te n s ity - t im e  cu rve s  fo r the th ree  
tra n sm is so m e te rs  separated  m a rked ly  during  the decay of these 
fogs (see F ig .  26). The fogs decayed m ost ra p id ly  at the top of 
the cham ber due p re sum ab ly  to  the p resence  o f la rg e  d ro p le ts , 
g iv ing  r is e  to  m arked  d if fe re n t ia l se ttlin g  e ffec ts .
S E C  T  I O  N  6.
A N A L Y S IS  A N D  IN T E R P R E T A T IO N  O F  T H E  L IG H T  
TR AN SM ISS IO N  R E S U L T S  O B T A IN E D  F R O M  T H E  
S P R A Y E D  FO G S  IN T H E  12 C U .F T .  C H A M B E R
(a) A n a ly s is  of the L ig h t  T ra n s m is s io n
R e su lts  obtained during  the ’Bu ild -up*  
pe rio d  of a Fog .
(b) A n a ly s is  o f the L ig h t  T ra n s m is s io n  
R e su lts  obtained during  the ’Decay* 
pe rio d  o f a Fog .
(c) D is cu ss io n .
- 1 1 8
S E C T I O N  6 .
A n a l y s i s  a n d  I n t e r p r e t a t i o n  o f  t h e  L i g h t  T r a n s m i s s i o n
Results Obt ained from the Sprayed Fogs in the
12 cu. ft. Cham ber
A n a ly s is  of the lig h t t ra n sm is s io n  va lue s (Tab le  19) and 
the tlig h t in ten s ity  -  time* cu rve s  (F ig . 26), is  somewhat s im p lif ie d  
by con s ide rin g  the re su lts  obtained during  the *bu ild-up! and *decay* 
pe r io d s  o f the fogs sepa ra te ly .
(a) Analysis of the Light Transmission Results 
obtained during the ’Build-up* period 
of a fog
The fac t that the m axim um  o b scu r ity  of lig h t obtained 
w ith  the fogs depended on the e le c tro ly te  concen tra tion  (see F ig .  26), 
suggests that p ro ce sse s  w ere  o c cu rr in g  du ring  the *bu ild-up l of a 
fog w h ich  affected the behaviour during  the decay. If d ro p le t- to -  
d rop le t (and d ro p le t- to -w a ll)  coa lescence  o ccu rs  at a rate depending 
on the e le c tro ly te  concen tra tion , then th is  e ffect would p robab ly  o ccu r 
to an app rec iab le  extent du ring  the b u ild -u p  p e r io d , as the fog 
d rop le ts  a re  then sw ir lin g  v ig o ro u s ly  in  the cham ber due to the 
e ffect of the incom ing  a ir .  In v iew  of th is ,  the in te rp re ta t io n  of 
the *light in ten s ity -tim e*  cu rve s  obtained du ring  the fo rm a tion  o f a 
fog was in it ia l ly  con s ide red .
I = I e (see P a r t  I, Section  1(d) )o
th e  attenuation coe ff ic ie n t of a fog at any t im e  t ,  m easu red  from  
t im e  t = o when sp ray ing  beg ins is  g iven by:-
<rt -  l n I o / l t 
1
A s  the in te n s ity  o f lig h t tra n sm itte d  th rough a fog 
at a g iven t im e  t, is  m easu red  in  the expe rim en ts  as a percentage 
o f the in ten s ity  o f lig h t tra n sm itte d  in  the absence of fog I , then :-
< rf “  In 100/It-
- 1 ' ; ■ : 
o r .
<rt = J L 2 2 1  (2  -  log i )
' ' 1 -
Hence the curve obtained by plotting (2- log If.) as a function of time t, 
represents the variation of the attenuation coefficient with time 
during the formation of a fog.
T ab le s  20 and 21 g ive ty p ic a l va lues o f the attenuation 
co e ff ic ie n ts  during  the b u ild -u p  of fogs, p repa red  from  d is t i l le d  w ate r 
and aqueous so lu tions of su lp h u r ic  a c id . V a lues of the attenuation 
co e ff ic ie n ts  w ere  ca lcu la ted  from  lig h t in te n s ity  m easurem ents 
made w ith  the m id d le  tra n sm is so m e te r (see Section  5(a) ), and 
F ig .  27 il lu s t ra te s  the v a r ia t io n  in  the attenuation co e ff ic ie n t w ith  ■ 
t im e  during  the fo rm a tio n  of the d iffe ren t fogs.
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U s i n g  t h e  light t r a n s m i s s i o n  e q u a t i o n
co e ff ic ie n t va lues aga inst t im e  (see F ig . 27), e xh ib it a c h a ra c te r is t ic
shape s im ila r  to that of a L a n g m u ir  ad so rp tion  iso the rm
( (63), p. 547). T h is  suggests that the equation re la t in g  attenuation
co e ff ic ie n t and t im e  o f bu ild  up t f m ay be of the fo rm :-
^  -  a tO - „   (J)
1 + b t
w here ’a ’ and ’b* a re  constants. R ea rrang ing  the above equation 
y ie ld s : -
t = + _bt_ . . . . . . .  ( ii)
cT* a a
Thus a p lo t of f t / 6" aga inst t 1 should g ive a s tra igh t 
lin e  i f  equation (i) is  v a lid . Va lues of t/<r~ w ere ca lcu la ted  fo r 
the ’build-up* pe riod  of fogs from  data g iven  in  T ab le s  20 and 21, 
and F ig ,  28 shows a H/cT v s , t 1 p lo t fo r fogs p repa red  from  - 
aqueous so lu tions of su lp h u r ic  a c id . F ig .  28 il lu s t ra te s  that a 
l in e a r  re la t io n  e x is ts  between t/<T~ and t. V a lu e s  o f ’a* and ’b* a re  
de te rm ined  from  the slope b /a , and the in te rcep t on the a x is ,
V a  (see F ig . 28), •’ > , .
S ince the ra te  of sp ray ing  (and the d ro p -s iz e  produced by 
the a to m ise rs )  w ere  found to be rep rod u c ib le  from  one expe rim en ta l 
run  to another (see Section  5 (a) (b) ), then the va lue  of fa ’ and 
hence the\ in te rcep t on the t/cr a x is  should be constant and 
independent of the concen tra tion  o f su lphu r ic  a c id  used. T h is  was
T h e  s e r i e s  of c u r v e s  o b t a i n e d  b y  plotting a t t e n u a t i o n
T a b l e  2 0  ■>TBiaiamgUdir'».i -fitnffmn
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D i s t i l l e d  W a t e r  
F o g # A c i d  F o g #
1 0  N  S u l p h u r i c  
A c i d  F o g . -
T i m e 2 - lo g I
. ( m i n s )
■JULii -
r 0
•
j 1 0 0i
1
0.0
■ ■
: 1• ! 55*0 0.26
)
2 i 48-5: 0 . 3 2
2*i s 4 6 . 5 ; 0.33
! 3 . 45-3 0.35
3i
*1 4 ;  ■«
44.7;
-44.7:
0.35
0.35
t s.
0
1
2
! £ q± 0 o
3 i
_ L
4
6
6i
7
1&
8
)  ( « :
2 - l o g I t
c r
;
T i m e  .
( m i n s ) f e !
l i o o 0 . 0 0 1 0 0  ;
j  6 3 . 0 0  0 2 1 . 1 4 6 . 0 1
ii
•:4 4 •0 : . 0 . 3 6
j
2
Jf
3 2 . 5 ‘ 1
I
j  3 9 . 0
i
0 . 4 1
!
p J L . 2 8 . 0  i
■ j
. 3 5 * 5 0 * 4 5 3 2 4 . 2 !
• - j
. 3 2 . 7
. ■ s
0 . 4 9
■
*
3 i 2 2 , 0 jj
3 0 . 0 ■ 0 . 5 3 4 2 0 . 0 ]
j  2 8 . 8 : 0 . 5 4
■ j -
4 i 1 8 . 3
2 7 . 3 :
R ' •
i . - i  
2 6 „ o
0 . 5 6
■
0 . 5 9 1
5
- ,
• 5 i
1 7 . 0  j
* j.
1 6 .  O j
J 2 5 *  3 0 . 6 0
i
i • ; 1 5 . . 2  i- i
; 2 4 . 5 0 . 6 1 i . 1 4 . 5  j
! 2 4 . 1 0 . 6 2
.
! 7
1 4 . 2  [
1'
2 3 * 3 0 . 6 3
7 1  ’
1~2 1 3  08  j
1 2 3 . 1 0 . 6 4
i ■
!  8• ,
I
1 3 . 6  •
■1
2 « - l o g I -
l‘AV»l TfWlltt 'V
0.0
0 .3 4
0*49
0*55
0*62
0.66
0.70
0 .7 4
0 .77
0 .8 0
0 . 8 2
0 . 8 4
O 085
0.86
O . 8 7
1 2 2
T a b l e  21
T y p i c a l  V a l u e s  o f  A t t e n u a t i o n  C o e f f i c i e n t  c f  d u r i n g  
t h e  B u i l d - u p  o f  a  F o g .
( M i d d l e  t r a n s m i s s o m e t e r  r e a d i n g s  o n l y )
1 0  N  S u l p h u r i c  A o i d  F o g , I N  S u l p h u r i c  A c i d  F o g
T i m e
J t
2 ~ l ° g l t  |
f
|  ( m i n s ) ( * )
i I
L  <r' J
0 1 0 0
“ 1
; o . o  j;
1 ' 1 4 0 . 0 0 . 4 0
! 2 2 1 . 0
'
0 . 6 8
pXeZg 1 6 . 0
i^2T9c*«GS3tjraci
0COOO
3 ! 1 2 . 0 0 . 9 2
3 4 " 1 0 . 0 1 . 0  j
4 . 8 . o  ; 1 . 1 0
3
1 . 1 6
!
4 i 7 . 0  ;
5
i
5 - 5  ; 1 . 2 6  ;]1ii h
I  5 i 5 . 0 1 . 3 1  |
6 4 . 5 1.35 j
!
i
4 . 0 1 . 4 0
l 7
3 . 8
______ J
1 . 4 2
............... j
pti-tvnoxi TP*r* “ r*\»j
f  T i m e  
/
( m i n s )
j I t
I w
2 - l o g I t
1
< r
1 • n w , "
1 0i j  1 0 0 0 . 0
j
1J
3 8 . 0  ; 0 . 4 1
2\
2 1 . 0 . 0 . 6 8  |
2 - 1 '
1;
1 3 . 5 0 . 8 7fc
ij i
3i 8 . 8 1 . 0 6  j
i 1 
3 s ‘ 5 . 5  ! 1 . 2 6  :1 ; *
*
4 4 . 0 1 . 4 0
ii
!
! 3 . 0 . 1 . 5 3  ' |
5 ! 2 . 0 1 . 7 0  jj
i 5 # 1 . 5 1 . 8 3  *
5
I 6 1 . 3  j 1 . 8 9
*
I
1 . 2
•
1 . 9 2
7  ! 1 . 1 1 . 9 6
r s
CM
b
VI
kXJ
2 :
a.
«-
Q
5CO
U
z
al
3
D
0
a
O'
z
MMa/Ui
UL
U-
D
cd.
O
O
z
O
H<
of<>
ATTENUATION CO EFFIC IEN T
-I
'■ ..; ;-V
:i/V '■ "uJ ' ' :r* ■
•3 \
z /{: :■ 'F
h-
r-a. - ■ •; •
3  >'
q ^
3  ■ -■: CQ ‘

borne out f a i r ly  w e ll e xp e r im en ta lly , as shown in  F ig . 28. O ver 
a hundred fogs w ere ana lysed  in  the m anner d esc r ib ed  above, 
and in  eve ry  case stud ied a p lo t of t/cF<- t gave a s tra ig h t lin e
i
fo r a l l  concen tra tion s of su lp h u r ic  a c id  used. M o re o ve r, the 
s tra ig h t lin e s  obtained gave in  a l l  cases a va lue o f fa f of about 
0 .4 , ir re s p e c t iv e  of the e le c tro ly te  concen tra tion . V a lues of *a* 
d e riv ed  from  th is  type of p lo t w ere found to ag ree  w ith in  a few 
per cent.
Hence the va lue  of ’b ’ , w h ich  de te rm ine s  the slope of 
the p lo t of t/<W — t (see F ig .  28), is  then a m easu re  of the ra te  at 
w h ich  the lig h t t ra n sm is s io n  is  reduced. V a lues of *bf w ere  found 
to decrease  w ith  in c re a s in g  su lp h u r ic  a c id  concentra tion ; F ig . 29 
shows a graph of ’b 1 aga inst log^Q (concentration).
The e ffect of s m a ll am ounts of su rfa ce  ac tive  agents 
(see Section  5(a) ) added to the su lphu r ic  a c id  so lu tions on the 
p ro p e rt ie s  of a fog was sm a ll.  A g a in  it  was found that s tra igh t 
lin e s  w ere obtained by p lo tting  t/<f“ aga inst t, and the va lue s of ’ a 1 
as dete rm ined  from  the in te rcep ts  on the t/<r~ a x is  w ere found to 
be the sam e as those m easu red  fo r fogs p repa red  from  aqueous 
su lp h u r ic  a c id  so lu tions w ithout su rfa ce  ac tive  agents. H ow ever, 
the s lopes o f the s tra ig h t lin e s  from  the 1t/cT v s . t* p lo t w ere d iffe ren t. 
The d iffe ren ce s  in  the ’b* fa c to rs  w ere found to be s m a lle r ,  how ever, 
than those co rre spond ing  to a 1 0 - fo ld  change in  e le c tro ly te .
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Q u a lita t iv e ly , i t  was found that sm a ll quan tit ie s  of 
an ion ic  su rfa ce  ac tive  agent (e .g . Teepo l), added to the fo g -fo rm in g  
su lph u r ic  ac id  so lu tio n s , in c rea sed  the s ta b il ity  o f the su lp h u r ic  
a c id  fogs. How ever, sm a ll quan tit ie s of n on -ion ic  su rfa ce  ac tive  
agent (e. g. L is s a p o l)  o r ca t io n ic  su rface  ac tive  agent (e, g. 
benza lkon ium  ch lo r id e )  decreased  the s ta b il ity  of the su lphu r ic  
;ac id  fogs. In the case of th e ,su lp hu r ic  a c id  fogs conta in ing 
c a t io n ic .su rfa ce  a c tive  agents, re su lts  ind ica ted  an optim um  
concen tra tion  fo r d e stab ilisa t io n ; when th is  concen tra tion  was 
exceeded an in c re a sed  s ta b il ity  was produced.
Tab le  22 i l lu s t ra te s  the effect of benza lkon ium  ch lo r id e  
(ca tion ic  su rfa ce  a c tive  agent) on a fog p repa red  from  an aqueous 
so lu tion  of 10 N  su lp h u r ic  a c id . The ’b ’ fa c to rs  show that w ith  
a concen tra tion  of about 10 p, p. m . of benza lkon ium  ch lo r id e  added 
to the su lp h u r ic  a c id  so lu tion , con s ide rab le  d e s ta b ilis a t io n  of the 
10 N su lp h u r ic  a c id  fog o ccu rre d .
(b) A n a ly s is  of the L ig h t T ra n s m is s io n  R e su lts  
obtained du ring  the !j3ecay! pe riod  
o f a fog :
The decays of the fogs ( i .  e. the pe riod  im m ed ia te ly
fo llow ing  ce ssa t io n  of sp ray ing ) w e re  then ana lysed  in  a m anner
s im ila r  to that d e sc r ib ed  fo r the ’ build-up* (see Section  6(a) ), A
study of the ’ lig h t in ten s ity -tim e*  cu rve s  (see F ig .  26), shows how
the s ta b il ity  of a fog is  dependent on the concen tra tion  of the
- 1 2 5 -
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Table 22.
. -2T ypica l Values o f  ! b f fo r  10 N Sulphuric Acid Fogs c o n ta in in g  
added amounts o f  C a tio n ic  Surface A c t iv e  Agent.
y C oncentration  o f
’ ' • • • , j 
1 b facto rV  v a lu e s  j1
Benzalkonium Chloride (a s  c a lc u la te d  from s lop e  o f * t / c r -  t ’ p lo t )
(ppm.)
0 0 . 3 1
1 0 . 3 0
5 . 0 . 3 3
1 0 0 ,4-7 :
‘ 2 0 0 . 4 4  •
j 50
*' 1 * ‘ "J
' 0 . 3 9  < !
f
e le c t r o l y t e  s p r a y e d .  T h e  f a c t  t h a t  fo g s  s p r a y e d  f r o m  ta p  w a te r  
w e r e  m a r k e d ly  m o r e  s ta b le  th a n  fo g s  s p r a y e d  f r o m  d i s t i l l e d  
w a t e r ,  in d ic a te s  t h a t  th e  s t a b i l i t y  o f  a fo g  w a s  d e p e n d e n t  o n  th e  
n a tu r e  a n d  n u m b e r  o f  io n s  p r e s e n t  i n  th e  fo g  d r o p le t s .  T h is  
s u p p o r ts  th e  c o n c lu s io n s  d r a w n  f r o m  p r e v io u s  w o r k  d is c u s s e d  in  
S e c t io n s  1 , 2  a n d  3 .
S in c e  th e  r a te  o f  s p r a y in g  a n d  s iz e  o f  d r o p le t s  
p r o d u c e d  b y  th e  a t o m is e r s  r e m a in e d  u n c h a n g e d  i r r e s p e c t i v e  
o f  th e  s o lu t io n s  u s e d  (s e e  S e c t io n  5 (a )  (b )  ) ;  th e  v a r io u s  d e g re e s  
o f  s t a b i l i t y  o b ta in e d  w i t h  th e  d i f f e r e n t  fo g s  c a n n o t  b e  a t t r ib u t e d  
t o  a n y  c h a n g e s  in  th e  s p r a y in g  c h a r a c t e r i s t i c s  o f  th e  a t o m is e r s .
T h e  d e p e n d e n c e  o f  t h e  fo g  p r o p e r t ie s  u p o n  th e  s u lp h u r ic  a c id  
c o n c e n t r a t io n  i s  s h o w n  in  F ig s .  30  a n d  3 1 ,  d e r iv e d  f r o m  l i g h t  
t r a n s m is s io n  d a ta  o b ta in e d  d u r in g  th e  d e c a y  p e r io d  o f . t h e  fo g s  
(s e e  F ig .  2 6 ) ,  T a b le  23  g iv e s  th e  m e a n  v a lu e s  o f  l i g h t  t r a n s m is s io n  
in c r e a s e  A  I ,  f o r  a l l  t h r e e  t r a n s m is s o m e t e r s  (s e e  S e c t io n  5 (a )  ) 
d u r i n g  th e  f i f t e e n  m in u t e s  im m e d ia t e ly  a f t e r  c e s s a t io n  o f  s p r a y in g .  
T h e  m e a n  v a lu e s  o f  A l  w e r e  c a lc u la te d  f r o m  m o r e  th a n  s i x t y
e x p e r im e n t a l  r u n s ,  a n d  c a lc u la t io n s  o f  th e  f s t a n d a r d  e r r o r  o f  th e
\
m e a n 1 i l l u s t r a t e  t h e  g o o d  r e p r o d u c i b i l i t y  o f  th e  d i f f e r e n t  fo g s  
( s e e  T a b le  2 3 ) .  t n  F ig .  30  th e s e  d i f f e r e n c e s  b e tw e e n  th e  l i g h t  
t r a n s m is s io n  in t e n s i t ie s  a t  th e  t im e  o f  c e s s a t io n  o f  s p r a y in g  a n d  
f i f t e e n  m in u te s  l a t e r  a r e  p lo t t e d  a s  a  f u n c t io n  o f  e l e c t r o l y t e
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T a b le  2 3 *
Mean V a lu e s  o f  L ig h t  T ra n s m is s io n  In c r e a s e  A t , f o r  th e  T h ree
Transmissometers During the Initial 15 min# of Decay of Fogs#
Type of Fog jLight Transmission Increase A  I at Three Levels
1
Studied#
j
(soln# sprayed)
Top 
A  I (S.E.M)*
Middle
X
2*1 (S.E.M)
Bottom
K
A l  (S.E.M)
i i; :
Distilled Water 54.1$ 1.5 !4 8 .7 $ 1.5 5 1 . 2 5 8 1 * 0
Tap Water 39.9% 1.1 3 8 .1 $
'
Q #8 3 9 .2 5 8 0 * 1
10"3N H„SO, soln. • 2 4 5 2 .1 $  O . 4
•
47.5$ 0#6 4 9 .0 /, 0 .8 .
5xlO-3N h„so . " 
2 4 i 33.4$ 1.4 ! 28.3$ 0.9 3 0 .8$ 1.7
! 10_2lf H oS0, soln.
2 4
1 1  ^ IV
, 2 5 * 3 ^  1 * 6  -ji . ....... . ........
1 8 .9JR 0 . 4 1 9 . 1 5 8 0.4
1 0 _1N HgSO soln. j 7 .4$ ' 1 . 9  | 8.3 56 °.5 6 .7 $ 1.2
a  S ta n d a rd  E r r o r  o f  th e  Mean*
Z
o
H
<•
cu
H
z
L U
Oz
O'
o
G
<
Crf
3
ICL.
ItCHT TRANSMISSION INCREASE O u RING FIRST 15 MIN. DECAY.
( PER C E N T j
T a b le  24  g iv e s  th e  m e a n  v a lu e s  o f  th e  s lo p e  o f  th e  
d e c a y  c u r v e s  < ^ 1 /  A t  f o r  th e  d i f f e r e n t  f o g s ,  a n d  in  F ig ,  31 th e  
a v e r a g e  v a lu e s  o f  th e s e  s lo p e s  d u r in g  th e  p e r io d  w h e r e  d i f f e r e n t i a l  
s e t t l in g  o f  d r o p le t s  i s  m a r k e d  (s e e  F ig .  2 6 ) a r e  p lo t t e d  a s  a 
f u n c t io n  o f  e le c t r o l y t e  c o n c e n t r a t io n .  F o g s  p r o d u c e d  f r o m  ta p
w a t e r  w e r e  a lw a y s  fo u n d  to  h a v e  s t a b i l i t y  p r o p e r t ie s  i n  b e tw e e n
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th o s e  f o r  10 N  a n d  5 x  10  N  s u lp h u r ic  a c id  fo g s .
C o n d u c t iv i t y  m e a s u r e m e n ts  m a d e  o n  a l l  th e  s o lu t io n s
u s e d  s h o w e d  t h a t  th e  t a p  w a t e r  u s e d  h a d  a  s p e c i f i c  c o n d u c t i v i t y
-.3 . ,
a p p r o x im a t e ly  e q u iv a le n t  t o  t h a t  o f  2 x  10 N  s u lp h u r ic  a c id
s o lu t io n ;  d i s t i l l e d  w a te r  h a d  a s p e c i f i c  c o n d u c t i v i t y  a p p r o x im a t e ly
I .
e q u iv a le n t  t o  t h a t  o f  5 x  10  ^  N  s u lp h u r ic  a c id  s o lu t io n .  T h e s e  
v a lu e s  o f  c o n d u c t i v i t y  w e r e  t a k e n  in t o  a c c o u n t  w h e n  p lo t t in g  th e  
f s t a b i l i t y ^ e le c t r o l y t e  c o n c e n t r a t io n *  c u r v e s  ( F ig s .  3 0 ,  3 1 ) ;  w h e n  
th e  r e s u l t s  f o r  th e  w a t e r  fo g s  w e r e  p lo t t e d  in  t h i s  w a y ,  t h e y  f i t t e d  
in  w e l l  w i t h  th e  r e s u l t s  f o r  th e  s u lp h u r ic  a c id  s o lu t i o n s .  I n  v ie w  
o f  t h i s  a n a ly s is  a n d  o f  p r e v io u s  w o r k ,  i t  a p p e a r s  q u i te  d e f in i t e  
t h a t  t h e  s t a b i l i t y  o f  a  fo g  ( u n d e r  th e  c o n d i t io n s  o f  th e  e x p e r im e n ts )  is  
d e p e n d e n t t o  a n  a p p r e c ia b le  e x te n t  o n  th e  n a tu r e  a n d  n u m b e r  o f  io n s  
p r e s e n t  i n  th e  fo g  d r o p le t s .
F r o m  th e  f l i g h t  t r a n s m i s s i o n - t im e 1 c u r v e s  ( F ig .  2 6 ) 
d u r in g  th e  d e c a y  p e r io d  o f  a  f o g ,  i t  i s  p o s s ib le  t o  e s t im a t e
- 1 2 8 -
c o n c e n tr a t io n  fo r  e a c h  t r a n s m is s o m e t e r .
- 1 2 9 -
Table 2 4 .
This is the avefhge raib of increase in light transmission 
fox the first 1 5  minutes after, cessation of spraying.
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a p p r o x im a t e ly  th e  n u m b e r  m o d e  a n d  m a s s  m o d e  r a d i i  o f  th e  
d r o p le t s  p r e s e n t  in  th e  fo g  a f t e r  c e s s a t io n  o f  s p r a y in g .  T h is  
in v o lv e s  c o m b in a t io n  o f  th e  l i g h t  t r a n s m is s io n  r e s u l t s  w i t h  
c o n s id e r a t io n s  b a s e d  o n  S to k e s *  la w  o f  t r a n q u i l  s e t t l in g  (3 2 )  
( P a r t  I ,  S e c t io n  1 (b )  (d )  ) .  C a lc u la t io n s  o f  th e  n u m b e r  a n d  s iz e  
o f  d r o p le t s  f a l l i n g  o u t  o f  t h e  s y s te m  d u r in g  th e  p e r io d  w h e r e  
d i f f e r e n t i a l  s e t t l in g  is  m a r k e d  is  g iv e n  b e lo w .
T h e  l i g h t  t r a n s m i t t e d  b y  a  d i s p e r s io n  o f  w a te r  
d r o p le t s  s u s p e n d e d  in  a i r ,  a l l  o f  r a d iu s  r  i s  g iv e n  b y : -
- 1 3 0 -
o r  I  a I  e . . . . . . .  ( i i )  (S ee  S e c t io n  6 (a ) )
w h e r e  1 i s  th e  in t e n s i t y  o f  th e  in c id e n t  p a r a l l e l  b e a m  o f  l i g h t ,
I  i s  th e  in t e n s i t y  o f  th e  e m e r g e n t  p a r a l l e l  b e a m  o f  l i g h t ,
1 is  th e  o p t ic a l  p a th  le n g th  t h r o u g h  th e  fo g ,
N  i s  th e  n u m b e r  o f  fo g  d r o p le t s  p e r  u n i t  v o lu m e  o f  t h e  d i s p e r s io n ,
K  is  th e  M ie - T h e o r y  t o t a l  s c a t t e r in g  c o e f f i c ie n t  ( v a lu e  o f  
• a p p r o x im a t e ly  2 .  (S e e  F ig .  4 )  )
a n d  &  i s  t h e  t o t a l  a t te n u a t io n  c o e f f i c ie n t .
C o n s id e r in g  a  p o ly d is p e r s e d  s y s te m  a s  b e in g  c o m p o s e d  o f
a  m u l t i t u d e  o f  m o n o d is p e r s e d  s y s t e m s ,  G u m p r e c h t  a n d  S l ie p c e v ic h
h a v e  s h o w n  (3 2 )  t h a t  e q u a t io n  ( i )  c a n  b e  w r i t t e n  in  th e  f o r m : -
-  I n  t / l o  a n  1 %  K r 2N  . . . ( i i i )
r e la t io n  f o r  t r a n q u i l  s e t t l in g  o f  d r o p le t s  y ie ld s  th e  e q u a t io n : -
N  ■ = 4  d  I  t  / .• \ ■ / o  -n r----------------     . . . . . .  ( i v )  (S ee  R e fe r e n c e
T T lk 3 I  d  t  (3 2 )  f o r  d e t a i l s )
w h e r e  lc i s  a  c o n s ta n t  i n  S to k e s *  e q u a t io n  in  th e  r e l a t i o n : -
x i 1
k  = /  10 hV \ S  = 2 r t  2' ................................. ( v )
- 1 3 1 -
and  th a t  c o m b in a t io n  o f  th e  ab o v e  e q u a tio n  w ith  S to k e s ’ la w
W h e r e  r  = r a d iu s  o f  th e  la r g e s t  d r o p le t  p r e s e n t  i n  th e  l i g h t
b e a m  a f t e r  a  t im e  t  f r o m  th e  s t a r t  o f  s e t t l in g ;  a n d
= v i s c o s i t y  o f  a i r  ( 1 .0 1 6  x  10 * p o is e ) ,
g = a c c e le r a t io n  d u e  t o  g r a v i t y  (9 0 1  c m .  / s e c .  ) ,
a n d  h  « h e ig h t  o f  f a l l  f r o m  th e  t o p  o f  th e  fo g  c h a m b e r  t o  th e
l i g h t  b e a m  ( f o r  th e  m id d le  t r a n s m is s o m e t e r
h  = 6 2 . 6 c m .  )•
T h u s  f r o m  a  k n o w le d g e  o f  th e  v a r i a t i o n  o f  I  w i t h  t ,  N  c a n
b e  c a lc u la te d .
T h e  l i g h t  i n t e n s i t y - t im e  . c u r v e s  ( d u r in g  th e  d e c a y  o f  th e  
fo g s )  e x h ib i t  a  c h a r a c t e r i s t i c  s ig m o id  s h a p e ,  s u g g e s t in g  t h a t  th e  
r e s u l t s  m ig h t  b e  d e s c r ib e d  b y  a n  e q u a t io n  o f  th e  t y p e : -
( v i ) ,
b (1 +  c  t  n )
w h e r e  < r .  i s  th e  a t te n u a t io n  c o e f f i c ie n t ,  -  a  f u n d a m e n ta l  
p a r a m e t e r  r e la t e d  t o  th e  t r a n s m i s s i v i t y  o f  a  fo g  (1 3 )  -  a n d  *a* a n d  
*6* a r e  c o n s ta n ts  a s  p r e v io u s ly  u s e d  in  e q u a t io n  ( i ) ,  S e c t io n  6 (a ) .
T h e  r a t i o ' o f  a / b  g iv e s  th e  m a x im u m  v a lu e  o f  <5^w h e n  t  = o ( i . e .  
a t  t im e  o f  c e s s a t io n  o f  s p r a y in g )  a n d  is  h e n c e  n o n -d e p e n d e n t  o n  
th e  d e c a y  o f  th e  fo g ,  w h e r e a s  th e  c o n s ta n ts  fc * a n d  fn * w i l l  b e  
d e p e n d e n t o n  th e  d e c a y .
D e n o t in g  th e  a t te n u a t io n  c o e f f i c ie n t  a t  t im e  t  « o b y  6 ~  , 
t h e n  e q u a t io n  ( v i )  c a n  b e  w r i t t e n  in  th e  f o r m : -
CT - ^
- 1 3 2 -
1 + ct
( v i i )
o r  lo g (  ~1 ) = lo g  c  + n  lo g  t  . . . . . . .  ( v i i i )
<T~
H e n c e ,  i f  e q u a t io n  ( v i )  is  o f  th e  c o r r e c t  f o r m ,  a p lo t
o f  lo g  ( 5 °  — 1 ) a g a in s t  lo g  t  s h o u ld  g iv e  a  s t r a ig h t  l i n e  f o r  - 
cr
a l l  th e  fo g s  s tu d ie d .
C o m b in a t io n  o f  e q u a t io n s  ( i i )  a n d  ( v i i )  y i e l d s : -
I  = I Q e "  <S° 1 r i 1 + c  t n ) 1 . . . . . ( i x )
l i e n e e ! -  £ I _  I  < C 1  .  . . . . . .  ( x)
d  t
S u b s t i t u t io n  o f  d l / d t  i n  th e  a b o v e  e q u a t io n  in t o  e q u a t io n  ( i v )  y ie ld s
i
N  = 1 < 5 ^ n c t n  / „ s \
liijin n ij i - rji.il rrm ■ rr ! » « • » •  • »
2 7T r  (1 +  c t  n ) 2
T h u s  f r o m  a  p lo t  o f  lo g  ( 5 L  — I ) v s .  lo g  t  (s e e  F ig .  3 2 ) ,
de­
v a lu e s  o f  th e  c o n s ta n ts  *n* a n d  ! c * c a n  b e  c a lc u la te d .
■133-
T y p ic a l  V a lu e s  o f  A t t e n u a t io n  C o e f i£ io ie n t :  cr 9 d u r in g  th e  D e ca y  o f  a Fog,
( M id d le  T r.a n sm isso m e t.e ir r e a d in g s  o n ly )  <,
B i s t i l l e d  W a te r  Fog
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T a b le  26
T y p ic a l  V a lu e s  o f  A t t e n u a t io n  C o e f f i c i e n t  cT , d u r in g  th e  D e cay  o f  a F og* 
( M id d le  T ra n s m is s o m e te r  r e a d in g s  o n ly )
1 0 ~ Y f S u lp h u r ic  A c id  Fog , IN  S u lp h u r ic , A c id  F ogc
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T a b le  27»
V a lu e s  o f  N o . Mode and. Mass Mode R a d iu s  o f  D r o p le t s  p re s e n t,  d u r in g  
th e  D e cay  o f  a Fog as c a lc u la t e d  f ro m  F ig .^ 2 Q y
Type o f  Fog  S tu d ie d .
'
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< L O
VARIATION O F  Io q f e -  I) W I T H
V . 10 ° J  '
O K A Y  O f  A F O G .
l o q  t  DURING THE
10
T a b le s  25  a n d  2 6 ,  g iv e  v a lu e s  o f  lo g  ( 5 -  — I ) d u r in g  : 
t h e  d e c a y  t im e s  f o r  fo g s  p r e p a r e d  f r o m  d i s t i l l e d  w a te r  a n d  a q u e o u s  
s o lu t io n s  o f  s u lp h u r ic  a c id ,  a n d  T a b le  27  g iv e s  v a lu e s  o f  ’ n * a n d  f c * 
d e t e r m in e d  f r o m  th e  p lo t  o f  lo g  ( - \  ) v s .  lo g  t  ( F ig .  3 2 )*
. I t  i s  s e e n  f r o m  F ig u r e  32 t h a t  e q u a t io n  ( v i i i )  is  o b e y e d ,  ■
g o o d  s t r a ig h t  l i n e s  b e in g  o b ta in e d  in  a l l  c a s e s .  H e n c p  f r o m  e q u a t io n  
( x i ) ,  e v a lu a t io n  o f  t h e  n u m b e r  m o d e  r a d iu s  a n d  m a s s  m o d e  r a d iu s  
o f  d r o p le t s  p r e s e n t  d u r in g  th e  d e c a y  p e r io d  o f  a  fo g  i s  p o s s ib le .
T h e  n u m b e r  m o d e  r a d iu s  ( r  ^ )  r e p r e s e n t s  th e  r a d iu s  o f  th e  
d r o p le t s  p r e s e n t  i n  th e  n u m b e r s  in  a  g iv e n  s y s te m .
T h u s  r ^ T i s  th e  v a lu e  o f  r  f o r  w h ic h  d ( N )y - '‘.IN : < '• • - • • . __ s2 o
• y - • ; y , \  . • • ’ ' - ; d r  •
: S i m i l a r l y  r ^  i s  th e  v a lu e  o f  r  f o r  w h ic h  d (N  r  3 )
\  • ’ - '- fe Y  : ■ •' - /  • ’ ' d r ,
S u b s t i tu t in g  f o r  t  in  e q u a t io n  ( x i )  f r o m  S to k e s 1 r e la t i o n  ( v ) ,  w h e r e
k 2
( w h e r e  S is  a c o n s ta n t  e q u a l t o
e q u a t io n  ( x i )  b e c o m e s : -  y  V ,
; i Y r “ n / 2 n
N  -     . . . . . . . .  ( x i i )
V-.. 2 H r 3  (1 +  c s “ / r 2 t t ) 2
o r  . N  = < C n c  s n  r  2 n — 3
21T ( r  2  n  +  c s n )
o r  N  ~  ( c o n s ta n t )  ( r  2  n  “
• « .
H e n c e ,  d i f f e r e n t ia t in g  e q u a t io n  ( x iv )  w i t h  r e s p e c t  t o  r  y i e l d s : -
— V  c o n s ta n t  $ r 2 n  + c s n ) * r 2 n " ^  ^ ( 2 h - 3 ) - 4 n r 2 n ( r 2 n  +  c y ) - / J  
*. ( x v )
S e t t in g  d  (N )  _ e v a lu a te  r  e q u a t io n  ( x v )  b e c o m e s : -
. \  . d r .  ‘ • • ,
r  ~ / c . s  ; , ( 2 n  -N  . / I  ---- —
: \  2 n  +  3
S i m i l a r l y ,  f o r  th e  c o n d i t io n  d ( N  8 )
* , r  -  o ,  w e  o b ta in
V . ’ « ' . . . . / - . d r  • ' .. V  . .
•' • ' . ■ ‘ *' . ' ' •! . ,i '• ' - -/■ • ' • •;
r  c  ~2" n  s2  • • • • »  * • • • • » *  • ( x v i i )
• ' M  ,-V .,/' ' ' ■ ■ ■■ ■
T h u s  a s  f c *  a n d  !n f c a n  b e  c a lc u la te d  f o r  e a c h  fo g  f r o m  th e  p lo t
o f  lo g  ( S L  ~  \ ) v s *  lo g  t ,  e v a lu a t io n  o f  th e  n u m b e r  m o d e
<r , . ■ ■ ■ . / .  ■ • ‘ * • ......  •
r a d iu s  a n d  m a s s  m o d e  r a d iu s  i s  p o s s ib le *  T a b le  27  g iv e s  th e  
* a p p a r e n t1 v a lu e s  o f  n u m b e r  m o d e  a n d  m a s s  m o d e  r a d i i  p r e s e n t  
i n  th e  d i f f e r e n t  fo g s  d u r in g  t h e i r  d e c a y  p e r io d s  a s  c a lc u la te d  f r o m  
l i g h t  t r a n s m is s io n  m e a s u r e m e n ts  ta k e n  w i t h  th e  c e n t r a l l y  p la c e d  
t r a n s m is s o m e t e r .
A s  th e  a m o u n t  o f  l i g h t  t r a n s m i t t e d  t h r o u g h  a  fo g  is  
d i f f e r e n t  a t  d i f f e r e n t  le v e ls  o f  th e  c h a m b e r  (s e e  F ig .  2 6 ) ,  d i f f e r e n t
v a lu e s  o f  r  a n d  r  w i l l  b e  o b ta in e d  a t  th e  d i f f e r e n t  t r a n s m is s o m e t e r
■ . ■ N . M
l e v e ls .  T h is  is  t o  b e  e x p e c te d ,  a s  a t  a n y  g iv e n  t im e  d u r in g  a  d e c a y  
o f  a  fo g  w h e n  th e  d r o p le t s  a r e  u n d e r g o in g  t r a n q u i l  s e t t l i n g ,  th e  
la r g e s t  d r o p le t s  p r e s e n t  i n  a  s y s te m  w i l l  b e  fo u n d  n e a r  th e  b a s e  o f  ,
t h e  c h a m b e r .  H e n c e ,  th e  V a lu e s .o f  r  a n d  r_ . e v a lu a te d  in
V ' • • N  • . ■ M  ' . .
T a b le  27  g iv e s  o n ly  th e  a p p a r e n t  v a lu e s  o f  th e  d r o p  s iz e s  p r e s e n t ,  
a s  th e  p lo t  o f  lo g  ( S L  —jf ) v s n lo g  t  is  o b ta in e d  f r o m  l i g h t  
in t e n s i t y  m e a s u r e m e n ts  t a k e n  w i t h  th e  c e n t  r a l l y  p la c e d  
t r a n s m is s p m e t e r  o v e r  th e  w h o le  o f  th e  d e c a y  p e r io d .  H o w e v e r ,
th e  o b ta in e d  v a lu e s  o f  r ^  a n d  r  f o r  th e  d i f f e r e n t  fo g s  i l l u s t r a t e
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h o w  th e  n u m b e r  m o d e  r a d iu s  in c r e a s e s  w i t h  d e e r  e a s in g  e le c t r o l y t e  
c o n c e n t r a t io n .  A s s u m in g  th e  g r o w t h  o f  d r o p le t s  in  th e  fo g s  w a s  . D 
d u e  t o  a  d  r  o  p i  e t  - 1 o -  d  r  o  p i  e t  c o a le s c e n c e  m e c h a n is m  -  f o r  f u r t h e r  
s u p p o r t  o f  t h i s  m e c h a n is m  s e e  S e c t io n  6 (c )  a n d  ’ G e n e r a l  D is c u s s io n  
a n d  C o n c lu s io n s 1 -  th e n  th e  f o u r - f o l d  in c r e a s e  in  th e  v a lu e  .. 
w h e n  c o m p a r in g  th e  r ^  v a lu e s  o f  a  d i s t i l l e d  w a t e r  fo g  w i t h  t h a t  o f  
10~^, N  s u lp h u r ic  a c id  fo g  (s e e  T a b le  2 7 ) in d ic a te  t h a t  64  ( 4 8 ) 
d i s t i l l e d  w a te r  d r o p le t s  c o a le s c e d  a s  a  r e s u l t  o f  63 c o l l i s io n s .
T h is  s h o w s  t h a t  th e  n u m b e r  o f  f r u i t f u l  c o l l i s io n s  f o r  c o a le s c e n c e  
o c c u r r in g  in  s u c h  a  s y s te m  c a n  b e  g r e a t l y  a f fe c te d  b y  th e  a m o u n t  
o f  e le c t r o l y t e  p r e s e n t  in  th e  d r o p le t s ,  a n d  i l l u s t r a t e s  th e  . , *
s ig n i f ic a n c e  o f  th e  la r g e  e n e r g y  b a r r i e r  w h ic h  e x is t s  b e tw e e n  
c o l l i d in g  d r o p le t s  w h e n  la r g e  n u m b e r  o f  io n s  a r e  p r e s e n t  i n  th e  
d r o p le t s .  .. . • ’/. . \  \  . •. ; .
' ’ - (c ) D is c u s s io n  .*
E x p e r im e n t s  c a r r i e d  o u t o n  th e  v a r io u s  fo g s  in  th e  
12 c u *  f t 0 c h a m b e r ,  h a v e  e s ta b l is h e d  th e  f a c t  t h a t  th e  p r e s e n c e  o f  
a n  e le c t r o l y t e  i n  th e  f o g - f o r m in g  w a te r  in c r e a s e s  th e  s t a b i l i t y  o f  
a  fo g  q u i te  m a r k e d ly .  . R e s u l t s  h a v e  a ls o  c o n f i r m e d  p r e v io u s  w o r k  
( S e c t io n s  1 , 2 ,  3 ,  4 ) ,  t h a t  th e  s t a b i l i t y  o f  a  fo g  u n d e r  s u i t a b ly  
'c o n t r o l le d  c o n d i t io n s ,  c a n  b e  a f fe c te d  b y  th e  p r e s e n c e  o f  s m a l l  
q u a n t i t ie s  o f  s u r fa c e  a c t iv e  a g e n t,, .  T h e  f a c t  t h a t  v e r y  la r g e  
d i f f e r e n c e s  in  l i g h t  t r a n s m is s io n  w e r e  o b ta in e d  w i t h  fo g s  p re x ^ a re d  
f r o m  d i s t i l l e d  w a t e r ,  t a p  w a t e r  a n d  a q u e o u s  s o lu t io n s  o f  s u lp h u r ic  
a c id  (s e e  S e c t io n  5 ( c )  ) -  i n  s p i te  o f  th e  k n o w le d g e  t h a t  th e  r a te  o f  
s p r a y in g ,  a n d  t l ie  d r o p  s iz e  p r o d u c e d  f r o m  the: a t o m is e r s ,  w e r e  
r e p r o d u c ib le  t h r o u g h o u t  a l l  e x p e r im e n ts  (s e e  S e c t io n  5 (a )  (b )  ) -  
s u g g e s ts  t h a t  d u r in g  th e  b u i ld - u p  a n d  d e c a y  p e r io d s  o f  a  f o g ,  
a  g r o w t h  o f  d ro x ^ le ts  o c c u r r e d  t p  a n  e x te n t  w h ic h  d e p e n d e d  o n  th e  ; 
c o n c e n t r a t io n  o f  th e  f o g - f o r m in g  s o lu t io n .  C a lc u la t io n s  o f  th e  
n u m b e r  m o d e  r a d iu s  ( r ^ ) *  a n d  o f  th e  m a s s  m o d e  r a d iu s  ( r ^ )  o f  
th e  d r o p le t s  p r e s e n t  d u r in g  th e  d e c a y  t im e s  o f  th e  v a r io u s  fo g s  
(s e e  S e c t io n  6 ( b ) ;  T a b le  2 7 )  s u p p o r t  t h i s  v ie w .
I t  i s  p o s tu la te d  th a t  th e  g r o w th  o f  d r o p le t s ,  in . t h e  s y s te m s  
o f  fo g  s tu d ie d ,  is  m a in l y  d u e  t o  a  d r o x > le t - to - d r o x o le t  c o a le s c e n c e  
m e c h a n is m ;  a n d  t h a t  th e  e x te n t  o f  c o a le s c e n c e  is  d e p e n d e n t  o n  
th e  n u m b e r  o f  io n s  .p r e s e n t  i n  th e  fo g  d r o p le t s .  H e n c e  th e  v a r i a t i o n
o f  t h e  * b 8 f a c t o r  (s u b -? S e c tio n  (a )  ) w i t h  e le c t r o l y t e  c o n c e n t r a t io n  
(s e e  F ig *  2 9 )  g iv e s  a  m e a s u r e  o f  th e  r e la t i v e  e x te n t  o f  th e  
d r o p le t “ i o - d r o p le t  c o a le s c e n c e .  F u r t h e r  r e a s o n s  s u p p o r t in g  
t h is  p o s tu la te d  c o a le s c e n c e  m e c h a n is m  in  f a v o u r  o f  p th e r  
p o s s ib le  d r o p le t  g r o w t h  m e c h a n is m s  a r e  m o r e  f u l l y  d is c u s s e d  
in  th e  ’G e n e r a l  D is c u s s io n  a n d  C o n c lu s io n s 1.
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T h e  w o r k  d e s c r ib e d  in  P a r t  I I  d e a ls  w i t h  th e  p r o b le m s  
in v o lv e d  i i i  th e  p r e p a r a t io n  o f  A r t i f i c i a l  w a te r  f o g s , 'a r id  t h e  - 
e x p e r im e n t a l  m e th o d s  w h ic h  w e r e  f i n a l l y  a d o p te d  t o  o b ta in  s y s te m s  
o f  fo g  w h ic h  w e r e  r e p r o d u c ib le  i n  c h a r a c t e r .  T h e  m a in  a im  o f  
t h e  s tu d ie s  w a s  t o  a s s e s s  q u a l i t a t i v e l y  a n d  w h e r e  p o s s ib le  
q u a n t i t a t i v e ly ,  th e  f a c t o r s  w h ic h  g a v e  r i s e  t o  th e  v a r y in g  d e g re e s  
o f  s t a b i l i t y  o f  / c o n ta m in a te d  a n d  u n c o n ta m in a te d  fo g s .  T h e  
s t a b i l i t y  c h a r a c t e r i s t i c s  o f  e a c h  fo g  w e r e  in v e s t ig a t e d  b y  l i g h t  
t r a n s m is s io n ,  a n d ,  in  s o m e  c a s e s ,  b y  s e d im e n ta t io n  te c h n iq u e s .
T h e  f l i g h t  i n t e n s i t y - t im e f c u r v e s  w e r e  a n a ly s e d  a n d ' in t e r p r e t a t e d ,
/  w i t h  th e  a im  o f  e v a lu a t in g  th e  s ig n i f i c a n t  f a c t o r s  r e s p o n s ib le  
f o r  th e  v a r y in g  d e g re e s  o f  s t a b i l i t y  o f  th e  d i f f e r e n t  fo g s *
/  I n t e r p r e t a t io n  o f  th e  ^ s e d im e n ta t io n *  a n d  * l i g h t  in t e n s i t y -  
t i m e ’ c u r v e s ,  t o g e t h e r  w i t h  c a lc u la t io n s  o f  d r o p - s iz e  ( s e e  S e c t io n  6 ) 
h a v e  s h o w n  t h a t  u n d e r  th e  c o n d i t io n s  o f  th e  e x p e r im e n t s ,  th e  
/ s t a b i l i t y  o f  a fo g  w a s  r e la t e d  t o  th e  g r o w th  o f  d r o p le t s  w i t h in  / 
t h e  s y s te m .  T h e  p r o d u c t io n  a n d  s t a b i l i t y  o f  s o m e . c o l lo id a l  . / ' r
s y s te m s  c a n  b e  e x p la in e d  b y  c o n s id e r in g  th e  K e lv in  r e la t i o n  ( 6 4 ) ,  
w h ic h  p r e d ic t s  a n  in c r e a s e  i n  v a p o u r  p r e s s u r e  f o r  a n  in c r e a s e  in  
c u r v a t u r e .  /  T h u s  f o r  a  s y s te m  o f  fo g  c o n ta in in g  d i f f e r e n t  s iz e  
- d r o p le t s ,  th e  s m a l le s t  d r o p le t s  -  th o s e  o f  la r g e s t  c u r v a t u r e  -  w i l l  . 
/  e v a p o r a te  a t  a  g r e a t e r  r a t e  t h a n  w i l l  th e  l a r g e r  d r o p le t s .  T h is
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r e s u l t s  in  a n  e v a p o r a t io n  - c o n d e n s a t io n  p r o c e s s  w h e r e b y  th e  
la r g e  d r o p le t s  g r o w  a t  th e  e x p e n s e  o f  th e  s m a l l  d r o p le t s .  
T h e o r e t i c a l l y ,  i f  n o  o th e r  f a c t o r s  o p e ra te : ,  a  p o ly d is p e r s e d  s y s te m  
o f  fo g  d r o p le t s  s h o u ld  u l t im a t e l y  r e a c h  a s ta te  w h e n  o n ly  o n e  
d r o p le t  r e m a in s .  H o w e v e r , ,  i n  s p i te  o f  th e  im p o r t a n c e  o f  t h i s  
p h e n o m e n o n ,  e x p e r im e n ts  h a v e  s h o w n  (6 5 )  t h a t  f o r  w a t e r  d r o p le t s  
g r e a t e r  t h a n  a b o u t  0 .  5 m ic r o n  d ia m e t e r ,  th e  r a te  o f  d r o p le t  
g r o w th  b y  c o n d e n s a t io n  a t  th e  e x p e n s e  o f  e v a p o r a t io n  o f  th e  
s m a l l  d r o p le t s  is  n e g l ig ib le .  F o r  t h is  r e a s o n ,  d r o p le t  g r o w th  
in  th e  fo g s  s tu d ie d  w a s  n o t  a t t r ib u t e d  t o  t h i s  p r o c e s s .
E x p e r im e n t s  f u r t h e r  s h o w e d  t h a t  th e  s t a b i l i t y  o f  a  fo g  -  
h e n c e  th e  r a te  o f  d r o p le t  g r o w t h  -  d e p e n d e d  o n  th e  c o n c e n t r a t io n  
o f  e le c t r o l y t e  p r e s e n t  i n  th e  fo g  d r o p le t s ,  a n d  t h a t  a n  in c r e a s e  
i n  e le c t r o l y t e  c o n c e n t r a t io n  le d  t o  a n  in c r e a s e  in  fo g  s t a b i l i t y .  
A p a r t  f r o m  e x p e r im e n ts  m a d e  o n  fo g s  p r e p a r e d  f r o m  a q u e o u s  
s o lu t io n s  o f  s u lp h u r ic  a c id ,  a  fe w  e x p e r im e n ts  ( n o t  d e s c r ib e d  
i n  P a r t  I I )  w e r e  m a d e  o n  fo g s  p r e p a r e d  f r o m  a q u e o u s  s o lu t io n s  
o f  s o d iu m  c h lo r id e  a n d  s o d iu m  h y d r o x id e .  I t  w a s  fo u n d  th a t  
f o r  e q u a l n o r m a l i t i e s  o f  e l e c t r o l y t e ,  th e  s t a b i l i t y  o f  a n  a q u e o u s  
s u lp h u r ic  a c id  fo g  w a s  s i m i l a r  t o  th o s e  o f  a q u e o u s  s o lu t io n s  
o f  s o d iu m  c h lo r id e  a n d  s o d iu m  h y d r o x id e  fo g s .  T h is  s u g g e s ts  
t h a t  th e  s t a b i l i t y  o f  a  fo g  w a s  d e p e n d e n t  o n  th e  n u m b e r  o f  io n s  
p r e s e n t  in  th e  fo g  d r o p le t s  r a t h e r  t h a n  t i i e  n a t u r e  o f  th e  io n s .
A s  o n ly  a  fe w  fo g s  p r e p a r e d  f r o m  a q u e o u s  S o lu t io n s  o f  s o d iu m  
c h lo r id e  a n d  s o d in m  h y d r o x id e  w e r e  s tu d ie d ,  n o  q u a n t i t a t iv e  
c o n c lu s io n s  c a n ,  a t  p r e s e n t ,  b e  d r a w n .  H o w e v e r ,  th e  
e x p e r im e n ts  s u p p o r te d  th e  a b o v e - m e n t io n e d  v ie w s  t h a t  th e  
s t a b i l i t y  o f  th e  fo g s  w a s  d e p e n d e n t  o n  th e  n u m b e r  o f  io n s  p r e s e n t  
in  th e  d r o p le t s .  . :
T h e  f a c t  t h a t  th e  s t a b i l i t y  o f  a  fo g  in c r e a s e s  w i t h  
in c r e a s in g  e le c t r o l y t e  c o n c e n t r a t io n ,  in d ic a te s  t h a t  d r o p l e t - t o -  
d r o p le t  c o a le s c e n c e  p r o b a b ly  d e c r e a s e s  w i t h  e le c t r o l y t e  
c o n c e n t r a t io n  in c r e a s e ,  . T h is  s u g g e s ts  t h a t  th e  c o a le s c e n c e  
e f f i c ie n c y  ( d e f in e d  a s  th e  f r a c t i o n  o f  c o l l i s io n s  w h ic h  a c t u a l ly  
p r o d u c e  c o a le s c e n c e )  w a s  d e p e n d e n t l a r g e ly  o n  th e  e x is te n c e  
o f  io n s  p r e s e n t  in  th e  d r o p le t s .  I t  i s  w e l l - k n o w n  t h a t  th e  
s t a b i l i t y  o f  m a n y  c o l l o i d a l  s y s te m s  d e p e n d s  l a r g e l y  o n  th e  
e x is te n c e  o f  e l e c t r i c a l  r e p u ls iv e  f o r c e s  b e tw e e n  th e  p a r t i c l e s ,  
a n d  th e  a n a ly s is  o f  th e  s t a b i l i t y  p r o p e r t ie s  o f  th e  fo g s  s tu d ie d  
s u g g e s ts  t h a t  a  s i m i l a r  s ta te  p r e v a i l s  in  a q u e o u s  a e r o s o ls  s y s te m s  
A s  m o s t  o f  t h e  q u a n t i t a t iv e  r e s u l t s  w e r e  d e r iv e d  f r o m  
fo g s  p r o d u c e d  b y  a n  a t o m is a t io n  m e th o d ,  i t  is  p o s s ib le  t h a t  d u r in g  
s p r a y in g ,  e le c t r o s t a t i c  c h a r g e  s e p a r a t io n  o c c u r r e d  ( ’ b a l l o - e l e c t r o c  
e f f e c t )  b e tw e e n  s p r a y  a n d  n o z z le  a n d  w i t h in  th e  s p r a y  i t s e l f  (5 2 )
(6 6 ,  p ,  1 0 7 ) ,  T h is  e f f e c t  w o u ld ,  im p a r t  a  n e t  e le c t r o s t a t i c  c h a r g e  
o n  th e  s p r a y e d  d r o p le t s ,  th e  m a g n i tu d e  o f  w h ic h ,  f o r  a  g iv e n  a i r
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p r e s s u r e ,  is  d e p e n d e n t o n  th e  n a tu r e  o f  th e  l i q u id  s p r a y e d  (6 7 ) .  T h e  B y- .
e x is te n c e  o f  s u c h  a  c h a r g e  w o u ld  u n d o u b te d ly  h a v e  a n  e f fe c t  o n  th e
s t a b i l i t y  o f  a  fo g .  H o w e v e r ,  t h is  e f f e c t  c o u ld  n o t  a c c o u n t  f o r  th e  s t a b i l i t y
p r o p e r t y  o f  th e  fo g s  p ro d u c e d  b y  c o n d e n s a t io n  u n le s s  th e  d r o p le t s  a r e  y . ! ;
f o r m e d  o n  c o n d e n s a t io n  n u c le i  c a r r y i n g  c h a r g e s  p r e d o m in a n t ly  o f
o n e  s ig n .  T e s t s  c a r r i e d  o u t  a t  th e  A d m i r a l t y  R e s e a r c h  L a b o r a t o r y ,
T e d d in g to n  w i t h  fo g s  p r o d u c e d  u n d e r  c o n d it io n s  s i m i l a r  t o  th o s e  u s e d  in
th e  a b o v e  e x p e r im e n ts ,  s h o w e d  t h a t  n o  a p p r e c ia b le  n e t  e le c t r o s t a t i c
c h a r g e  e x is te d  o n  th e  s p r a y e d  d r o p le t s  ( 6 8 ) ,  a n d  t h a t  r e m o v a l  o f  a n y  s m a l l
a m o u n ts  o f  n e t  c h a r g e  o n  th e  d r o p le t s  ( b y  th e  u s e  o f  / 3  -  r a d ia t io n )  d id
n o t  a l t e r  th e  s t a b i l i t i e s  o f  th e  fo g s .
In  v ie w  o f  t h i s ,  i t  i s  p o s tu la te d  th a t  th e  e x is te n c e  o f  th e
e l e c t r i c a l  d o u b le  la y e r  o f  fo g  d r o p le t s  -  w h ic h  in  th e  c a s e  o f  fo g s
p r e p a r e d  f r o m  w a te r  a n d  a q u e o u s  S o lu t io n s  o f  s u lp h u r ic  a c id  h a s  a
n e g a t iv e  e x t e r n a l  s u r fa c e  c h a r g e ,  d u e  t o  th e  p r e f e r e n t i a l  a d s o r p t io n  o f
a n io n s  (O H * ,  e t c . )  a t  th e  w a t e r / a i r  in t e r f a c e  -  a c c o u n ts  f o r  th e  y
v a r y in g  d e g re e s  o f  s t a b i l i t y  in  th e  d i f f e r e n t  fo g s  ( ( 6 3 ) ,  p .  5 7 9 ) ,  (6 9 ) .
D i r e c t  e le c t r o p h o n e t ic  m e a s u r e m e n ts  f o r  d e t e r m in in g  th e  n a tu r e  a n d
m a g n i tu d e  o f  th e  e l e c t r i c a l  s u r fa c e  c h a r g e  a t  th e  w a t e r / a i r  in t e r f a c e  f o r
w a te r  d r o p le t s  s u s p e n d e d  in  a i r  a r e  n o t  p o s s ib le ,  b u t  m e a s u r e m e n ts  o f  •
e le c t r o p h o n e t ic  m o b i l i t i e s  o f  a i r - b u b b le s  in  p u r e  w a t e r ,  a n d  in  d i lu t e
a q u e o u s  in o r g a n ic  s o lu t io n s  h a v e  s h o w n  t h a t  a  p r e f e r e n t i a l  a d s o r p t io n  y ’fe
o f  a n io n s  o c c u r s  a t  th e  w a t e r / a i r  in t e r f a c e  ( (6 6 ) ,  p .  1 0 5 ) ,  ( ( 7 0 ) ,  p . 2 3 3 ) ,  (7 1 ) .
fe .. T h e  e x is te n c e  o f  a  n e g a t iv e  s u r fa c e  c h a r g e  a t  th e  • \  Y
w a t e r / a i r  in t e r f a c e  o f  a  fo g  d r o p le t  is  l i k e l y  t o  a f f e c t  th e  c o a le s c e n c e
e f f i c ie n c y  b e tw e e n  c o l l i d in g  d r o p le t s  due  to  ’ d o u b le  la y e r  r e p u ls io n  
T h e  g r e a t  s t a b i l i t y  o f  th e  10 * N  a n d  1 N  s u lp h u r ic  a c id  fo g s  
s u g g e s ts  t h a t  a  s u r fa c e  c h a r g e  is  v e r y  s ig n i f i c a n t  w h e n  
c o n s id e r in g  h e a v i l y  c o n ta m in a te d  w a te r  fo g s .  F o r  p u r e  w a te r  
fo g s  th e  s u r fa c e  c h a r g e  o n  th e  d r o p le t s  c a n  be  e x p e c te d  t o  be  
s m a l l ,  in  w h ic h  c a s e  th e  c o a le s c e n c e  e f f i c ie n c y  b e tw e e n  c o l l i d in g  
d r o p le t s  w i l l  b e  r e l a t i v e l y  h ig h .  T h e  s t a b i l i t y  p r o p e r t ie s  o f  th e  
fo g s  p r e p a r e d  f r o m  d i s t i l l e d  w a t e r ,  ta p  w a t e r ,  a q u e o u s  s o lu t io n s  
o f  s u lp h u r ic  a c id  a n d  a n io n ic ,  c a t io n ic  a n d  n o n - io n ic  s u r fa c e  
.a c t iv e  a g e n t s o lu t io n s  a p p e a r  t o  g iv e  e v id e n c e  in  s u p p o r t  o f  
t h i s  p o s tu la te d  ’ d o u b le  l a y e r ’ c o a le s c e n c e  m e c h a n is m .  , A d d e d  . 
e v id e n c e  in  f a v o u r  o f  t h i s  m e c h a n is m  a n d  s u p p o r t in g  th e  n o n -  
e x is te n c e  o f  th e  b a l l o - e l e c t r i c  e f f e c t  i n  th e  p r e s e n t  w o r k  w a s  
o b ta in e d  b y  p r e p a r in g  d i s t i l l e d  w a te r  fo g s  in  th e  12 c u .  f t .  
c h a m b e r ,  a n d  a l lo w in g  a l i t t l e  s u lp h u r  d io x id e  g a s  in t o  th e  , .
c h a m b e r  d u r in g  th e  s p r a y in g  o f  th e  d r o p le t s ,  . M e a s u r e m e n ts  
o f  l i g h t  t r a n s m is s io n  s h o w e d  t h a t  w h e r e a s  th e  l i g h t  in t e n s i t y  
v a lu e s  d u r in g  th e  ’ b u i l d - u p ’ o f  a  w a te r  fo g  c o n ta m in a te d  w i t h  
s u lp h u r  d io x id e  w e r e  s i m i l a r  t o  th o s e  f o r  a n  u n c o n ta m in a te d  w a te r  
f o g ,  th e  l i g h t  in t e n s i t y  v a lu e s  d u r in g  th e  d e c a y  p e r io d  w e r e  
d i f f e r e n t  (s e e  T a b le  2 0 ) ;  th e  l i g h t  t r a n s m is s io n  in c r e a s in g  m u c h  
le s s  r a p id ly .  T h is  s u g g e s ts  t h a t  d i f f u s io n  o f  th e  s u lp h u r  d io x id e  
g a s  in to  th e  e x is t in g  fo g  d r o p le t s  o c c u r r e d  t o  a n  e x te n t  s u f f i c ie n t
T a b le  28*
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t o  lo w e r  a p p r e c ia b ly  th e  c o a le s c e n c e  e f f i c ie n c y  b e tw e e n  c o l l i d in g  
d r o p le t s .  P r e s u m a b ly  th e  p r e s e n c e  o f  th e  s u lp h i t e  a n io n s  in c r e a s e d  
th e  n e g a t iv e  . s u r fa c e  c h a r g e  a t  th e  w a t e r / a i r  in t e r f a c e  o f  th e  
d r o p le t s ,  t h e r e b y  in c r e a s in g  th e  r e p u ls iv e  f o r c e s  b e tw e e n  th e  
d r o p le t s , ' /  • ... y
T h e s e  ’ d o u b le  l a y e r ’ r e p u ls iv e  f o r c e s  e x is t in g  b e tw e e n  
w a te r  d r o p le t s  a r e  o n ly  l i k e l y  t o  be  s ig n i f ic a n t  f o r  d r o p le t s  a t  
c lo s e  d is ta n c e s  o f  a p p r o a c h  ( i .  e . f o r  c o l l i d in g  d r o p le t s ) ;  h e n C e ,
..fo r  s y s te m s  o f  fo g  w h e r e  d r o p le t  c o l l i s io n s  a r e  fe w  -  a s  in  th e  
c a s e  o f  fo g s  w i t h  a  s m a l l  d r o p le t  p o p u la t io n  -  th e  e x is te n c e  o f  a n  
e l e c t r i c a l  s u r fa c e  c h a r g e  a t  th e  d r o p le t  w a t e r / a i r  in t e r f a c e  is  
l i k e l y  t o  h a v e  a n  in s ig n i f i c a n t  e f f e c t  o n  th e  s t a b i l i t y  o f  th e  fo g .
H o w e v e r ,  m e a s u r e m e n ts  o f  d r o p  s iz e  a n d  l i g h t  t r a n s m is s io n  h a v e  
s h o w n  th a t  a l l  th e  fo g s  s tu d ie d  a b o v e  p o s s e s s e d  a la r g e  d r o p le t  
p o p u la t io n ,  a n d  ’ d o u b le  la y e r *  r e p u ls iv e  f o r c e s  a p p e a r  to  b e  :• 
s ig n i f i c a n t  in  s u c h  s y s te m s .
S in c e  th e  c o m p le t io n  o f  t h is  w o r k ,  e x p e r im e n ts  h a v e  
b e e n  s t a r t e d  .in  a s p e c ia l l y  d e s ig n e d  30 fo o t  c u b e  fo g  c h a m b e r .  T h e  
fo g s  a r e  p ro d u c e d  b y  a  s p r a y in g  te c h n iq u e  s i m i l a r  t o  t h a t  d e s c r ib e d  
in  S e c t io n  3 ,  a n d ,  a s  a f i r s t  s te p ,  th e  e x p e r im e n ts  a s  c a r r i e d  o u t  
in  S e c t io n  5 a r e  b e in g  r e p e a te d .  B y  s u i ta b le  in s t r u m e n t a t io n ,  
m e a s u r e m e n ts  o f  t e m p e r a t u r e ,  h u m id i t y  a n d  v i s i b i l i t y  a r e  a u t o m a t ic a l ly  
r e c o r d e d  d u r i r ig  t h e  ’ b u i ld - u p *  a r id  d e c a y  t im e s  o f  th e  fo g s .  T h e
- 1 4 8 -  ' ;
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' ‘ a u to m a t ic  r e c o r d in g  in s t r u m e n t  s a r e  in s t a l le d  in  th e  c h a m b e r  a t  
v a r io u s  le v e ls ,  a n d  c o n t in u o u s  c h a r a c t e r is a t io n  o f  a  fo g  c a n  be  
m a d e  t h r o u g h o u t  i f s  e n t i r e  v o lu m e *  I t  is  b e l ie v e d  t h a t  th e  g r e a t l y  -y : v : y  
, < im p r o v e d  in s t r u m e n t a t io n  w i l l  le a d  t o  c o n s id e r a b ly  m o r e  a c c u r a te  
r e s u l t s ,  a n d  a l lo w  n e w  a n d  im p r o v e d  m e a s u r e m e n ts  o f  :$ ro p  s iz e  
a n d  l i q u id  w a te r  c o n te n t  t o  b e  m a d e * . . 1 /, -
■V I n  c o n c lu d in g ,  a t t e n t io n  is  d r a w n  t o  th e  f a c t  t h a t  
t h i s  f i e l d  o f  a e r o s o l  p h y s ic s  is  s t i l l  v e r y  m u c h  u n e x p lo r e d ,  a n d  
p r e s e n ts  m a n y , v a r ie d  a n d  c o m p le x  p r o b le m s ,  a n d  a s  s u c h  is  
l i k e l y  t o  b e  b e s t  in v e s t ig a te d  b y  th e  c lo s e  c o l la b o r a t io n  o f  th e  
m e t e o r o lo g is t ,  p h y s i c is t  a n d  c h e m is t ,
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